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the main program. The solution method is a Matrix type, using iteration to
obtain a final flow and pressure balance. The program internally corrects
viscosities for pressure, determines whether flow is laminar, transition or
turbulent for use of appropriate resistance factors and corrects reservoir
pressure for altitude effects. A Quasi-transient section has been added to
allow multiple steady state calculations when simulating subsystem operations.
The data is stored and can be printed in either tabular form or computer plot
form.

The program was written with the aircraft hydraulic system designer in
mind. The terminology and units are commonly used terms such as fluid
viscosity in centistokes, temperatures in degrees Fahrenheit and flow in
gallons per minute. Conversion of units for calculation is accomplished
internally in the program.




PREFACE

This Steady State Flow Analysis (SSFAN) Computer Program Technical Description

AFAPL-TR-76-43 Volume VI of an eight volume sequence has been updated. The technical

description was prepared by the McDonnell Aircraft Company, Design Engineering
Power and Fluid System Department, McDonnell Douglas Corporation under contract
F33615-78-C-2026, with supplemental agreement PQO003.

The effort was sponsored by the Aero Propulsion Laboratory, Air Force
Systems Command, Wright-Patterson AFB, Ohio under Project No. 3145-30-27 with
AFWAL/POOS, and was under the direction of Paul Lindquist and William Kinzig.

The technical description covers work conducted from 1 June 1978 through

31 January 1980. At McDonnell, Neil Pierce directed the program and was

Principal Investigator. Special acknowledgement is also given to J. B. Greene,

R. J. Levek, R. E. Young, M. J. Stevens, B. G. Nolan, and P. C. McAvoy.
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SECTION I
INTRODUCT ION

The SSFAN computer program is currently mechanized for the €DC 6500/6600
computer. It is coded in Fortran IV and is used to simulate aircraft hydrau-~
lic fluid flow systems, which typically consist of multiple branches. The
flow is assumed to be one dimensional and steady state. The effects of fluid
viscosity and density changes with temperature and pressure are included in
calculations. Altitude effects are also included. The output of SSFAN is
predicted values of flow rate, pr%ssure, subsystem operation time,
etc, /

Some of the element models comprising the program were derived using
empirical data to describe the flow pressure~drop relationship. However,
the data available is generally for one test temperature (room temperature),
so that an extrapolation to extremely high or low temperatures may decrease
the accuracy of the results. Other element models were derived from the
theoretical mathematical equations. In some cases, the models contain correc-
tion factors based on previous test data.

SSFAN has been updated to extend its calculation capability and reduced
in size by simplifying the overall organization of the program. The addition
of the Ouasi-transient model allows prediction of flow, pressure and actuator
stroke versus time. The capability to input various fluid temperatures at
components giving a temperature distribution throughout the svstem has been
added.

A computer graph subroutine has been added to plot the quasi-transient

data. Data may also be printed out in tabular form.
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SECTION II
TECHNICAL SUMMARY

Input data cards cont;ining the detailed element (component) data and
svstem location identifiers (junction numbers) for each element in the system
are established. The data is read into 2 storage arrays. Some data, such as
tubing bends, are calculated for energy loss coefficients as the data is read
in, and stored in the array with tube data. Fluid properties and aircraft
altitude are also input. The altitude is used for reservoir pressure correction.
The goeneral SSFAN flow chart is shown in Figure 1 .

The pump or pumps are the first components in the system, unless an
accumulator is designated as the pressure source. A search routine then
searches the data arrays and builds the system bv legs until the total
system is built. If the input data is erroneous so that system continuity
cannot be established, error messages are output and the run stops.

As the system is being built, resistance coefficients are calculated
for each element and summed for a hydraulic svstem leg. They are stored in
a leg array for the duration of the run.

Viscosity at atmospheric pressure is input to the program and is
corrected initially for pressure. Resistance coefficient are established
for all branch legs in the system from which the branch leg conductances
are calculated. These resistance coefficients are established, based on
whether the flow in the branch leg is in the laminar, transition or turbulent
flow regime.

Branch points are established from an array which contains the active
branch legs in the system. The system is first balanced using an initial

guessed flow.
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Tﬁe general solution technique is based on an iterative method using a
matrix to solve for pressures at branch points in the system. Each branch
leg resistance is described by a nonlinear equation as a function of flow in
the leg. This equation is solved for the leg pressure drop which is then
used to obtain a leg conductance constant at the current flow rate. Finally
conductances are placed in the matrix for a new solution and the iteration
is continued until two successive solutions of the matrix provide flow
balances for all branch legs within .001 gpm.

The SSFAN program may be run in a quasi-transient mode. With an
input of time interval, time step (optional) and some additional element
data, the quasi-transient model may be used to predict pressures, flows,
subsystem operating times, etc. If a time step is not input a default
value of 100 steps is used which will provide a full set of data points

for the graph subroutine.
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SECTION III
SSFAN MAIN PROGRAM

The Main Program is responsible for the overall program setup and

execution. It controls the entire operation of the SSFAN program from data

initialization to output. Any error conditions recognized by the program
terminates that section of the program after printing out error messages.

The DATE subroutine is called, and the data is read-in via the input
section of the main program. When the input is complete, a viscosity -
pressure correction factor is calculated for the hydraulic fluid, and
viscosity and ambient pressure are computed for the system temperature and
altitude.

After these parameters are found, system assembly begins. During
the course of leg building static resistance coefficients are calculated
for each leg in the system. A check is made to determine whether the
program is being run in the quasi-transient mode. If not, the system is
solved for pressures and flows and results are printed according to the
selected output. If the program is run in the quasi-transient mode, the
initial flow balance 1s printed out for all junctions, but only the
quasi-transient user selected output is printed for the remainder of

the run.

See Figure 2 for the SSFAN Main Program Flow Diagram.
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3.1 Description of SSFAN Operation

A call is made to the computer for the Julian date, which is stored
in BLK8. The first major section of the SSFAN program is the data input
section which reads in the data cards. If an error occurs on input,
IERROR will be reset to a value other than zero and the program is terminated.
A call is then made to VISD which returns the viscosity and density values
in BLK1l. The title page of the SSFAN program is output with the call to
the subroutine OPUT4. If, because of erroneous data points a negative
viscosity should be calculated, the program will stop and print out an
error message. The user may select to have his data deck printed out exactly
as read in to check for errors (see Output Options). The ambient atmosphere
pressure for the input altitude is calculated and put in BLK1l under the
name of PAMB.
The second major part of the program begins with the call of the SDSORT
subroutine to set up arrays for leg building. BUILD subroutine assembles
the legs. If all the legs are assembled with no errors generated, pressure
points are assigned to the ends of the legs. The SDSORT and BUILD subroutines,
called from the Main Program, control the entire assembly phase in the SSFAN
program,
The calculation of the system pressures and flows in the next major
part of SSFAN is totally controlled by the CALC subroutine. Once the solution
phase. is finished the information is output through the user selected output.
Three arrays that are critical to the solution procedure of SSFAN
are BLEG, ILEP, and PQL. All of these arrays are generated by the assembly

phase.




iy .
_ 2% S "

BLEG and PQL are updated in the computation section and contain the final
solutions to be used by the Output subroutines. A knowledge of the
information contained in these arrays is essential to an understanding of
the SSFAN program operation., SSFAN Sample Case Number 1, a two actuator
subsystem, is used to explain how the elements are entered and arranged
in BLEG, ILEP and PQL, Figure 3.

The ports of every element have a junction number assigned to them.
The assembly phase of SSFAN matches junction numbers of the system elements
until a leg in the system is assembled. The leg is identified with a leg
number and assigned pressure point numbers to the upstream and downstream
ends. The legs are built from pressure point to pressure point. These
are the points at which pressures are calculated and printed out for
the syscem. Elements that contain pressure points in the SSFAN program are
pumps, accumulators, reservoirs, actuators, tees, crosses, valves and motors.
Figure 4 1is a schematic diagram of how leg numbers and pressure points are
assigned by the assembly phase of SSFAN to the SSFAN Sample Case Number 1.

From the assignment of leg numbers and pressure points, the ILEP array

is built. The pressure points at the up and downstream locations of the
leg are written into columns one and two, respectively. An ILEP array

for the system in Figure 3 is shown in Figure 5 .
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Upstream Downstream

Leg Numbers Pressure Point Pressure Point ‘
|
ILEP COL 1 ILEP COL 2
1 2 15 \
2 1 11 |
3 3 12 !
4 9 12
5 10 15
6 12 18 1
B 15 14
3 14 4 ‘
10 19 13 |
11 13 = \
12 8 16 ‘
13 13 5
14 6 16
15 16 20 ~ \
16 5 6 : ]
17 7 8
1s 7 18 ]
19 3 19
20 19 18 '
21 7 20
22 20 18 \
FIGURE 5
ILEP Array

For SSFAN Sample Case Number 1

Thus the ILEP array contains the description of how the system is

assembled.

The PQL array has as many rows as there are pressure points in the system. .
For example, Case Number 1, Figure 4 shows a total of 20 pressure points.
Column one of the PQL has the values of pressure at these points.
Pressure points in a system are termed as being either constant pressure
points or branch points. A constant pressure point must be at an end point
in a system, but all end points need not be constant pressure points. The
values of pressure at constant pressure points are treated as constants for a

solution during an iteration, but are updated for the next iteration.

1
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A branch point thus is a pressure point that is calculated and it may also be

an end point or a point at which two or more flows meet.

Column two of the PQL array contains the flow loss or gain at a
branch point or end point due to a dynamic element. The element type number
for the pressure point is in column three. Columns 4, 5, 6 and 7 contain
the junction numbers of the pressure point element. Column 8 contains
the fluid temperature at the pressure point. Figure 6 gives the initial POL

array for the SSFAN Sample Case Number 1. Initial constant pressures are set

at three thousand PSI for the pump pressure port and fifty psi for the reservoir

return and suction ports. The branch points are all minus ones. The values
for all the pressure points are updated as the solution procedure iterates
to the final answers. All the terms in column two are initially set to zero

but these too are updated in the iteration process.

14
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Column

Gain
Pressureuumber Press :Egss Type JCT1 JCT2 JCT3  JCT4 gi;id
Point 1 T2 3 4 5 6 7 ;
1 -1. 0. 5. 5. 0. 0. a. 100.
2 3000. 0. 5. 10. 0. 0. 0. 100.
3 -1. 0. 5. 15. 0. 0. 0. 100.
4 -1. 0. <. 295. 0. 0. 0. 100.
5 -1. 0. 4. 145. 0. 0. 0. 100.
6 -1. 0. 4. 135. 0. 0. 0. 100.
2 ~-1. 0. 4. 130. 0. 0. 0. 100.
8 ~1. 0. 4. 1°0. 0. 0. 0. 100.
9 50. 0. 9. 250. 0. 0. 0. 10u.
10 -1 0. 9, 260, 0. 0. 0. 100.
11 50. 0. 9, 265. 0. 0. 0. 100.
12 -1 0. 24. 210 215. 230. 0. 100.
13 -1 n. 24 115 120. 135 0. 100.
14 -1 0. 24. 55. 65. 60. 0. 100.
15 -1 0. 24. 35. 45, 40. 0. 100.
16 -1 . 24. 175, 100. 155. 0. 100.
17 -1 0. 34 85. 0 0 0. 100.
18 -1 0. 34 3¢, 0 0. 0. 100.
19 -1 0. 34, 95 0 0. 0. 100.
20 -1 0. 34. 1u0. 0. 0. 0. 100.

FIGURE 6

PQL Array for SSFAN Sample Case No. 1

The BLEG array contains the parameters for the solution procedure. Each
row in BLEG represents a leg in the system. The columns contain the informa-
tion particular to each leg. Some of the data in the columns of BLEG for the

Sample Case Number 1 are presented in Figure 7.

15
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3.2 Math Model
The approach to the SSFAN method of analysis is based on the principle

of conservation of energy which results in an energy balance of:

Energy at | Energy Energy _ Energy - [Energy at
Section 1 Added Lost Extracted Section 2

In the direction of flow from 1 to 2 for steady state flow of incompress-
ible fluids in which the change in internal energy is negligible, this may be

written in a form of the Bernoulli theorem or equation as:

v’ vA Hy - Hp - H i vz’ Zo (1)
—— o —— 4 + - - - 4+ —
&1 " 2 1T LT e, 2 °

Further simplifications may be made if the density is assumed to be the

same at points 1 and 2,
therefore b, =6,=0¢

In an aircraft hydraulic system where the lines are relatively small, the
pump(s) centrally located and for steady state flow operation under high pressure,
the difference in elevation between points 1 and 2 (29 - Z;) may be ignored,
However the reference altitude for the low pressure pump suction system can
not be ignored as noted in the reservoir mathematical analysis.

The energy added H,) 1is considered to be in the form of a pressure rise in
the system at a pump, Energy lost (HL) i; the frictional and viscous pressure
drops cdue to flow and energy extracted (HE) is at an actuated subsystem moving
against a resistance such as a flight control surface actuator, This may also
be equated to equivalent pressure loss in the system, It should be noted that
in the case of a flight control surface, an aiding load on the actuator actually
adds energy to the system and is accounted for in this analysis. The method of

analysis outlined below is similar to Reference (1).

18
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Rewriting the Bernoulll equation considering the above concitions,

P V12 73
— - E - ——
e T2 12 e
or
P12
Pl + 22 - P12 = PZ

Where: P = pressure PSI)

v22
+ —Zg

ev,°
+ ————

2g

(2)

(3)

€ = weight density (LB/IN3)
V = fluid velocity (IN/SEC)
g = gravitational acceleration (IN/SEC/SEC)
Py2 = @Hy2 = friction loss, pump pressure rise,

gain or loss of actustors (PSI)

A common term for hydraulic flow is

Q in gallons per minute (GPM)

To establish a simple relationship between the resistance from 1 to 2 and flow

the resistance is defined as Ryp, where the total loss in pressure from 1 to 2

is R12Q
where Ry» = resistance (PSI-MIN/GAL)

Then equations (3) and (4) may be combined:

1 ew? - v
Q 2g

Rip =

The velocity term may also be written as

_ 231 Q
V=-% X 1
with V (IN/SR)
Q (GPM)
A (IN)

19

)

(5)

TR

i o

B B ol e W -



Since Q1 = Q then the first term in the brackets of equation (5) drops out

and leaves

P
Riz2 = 12

This term then gives a linear relationship between Pjp and Q required for
the Matrix solution,
To correlate this to the system being analyzed, the following definitions

are used, A system is described as shown in Figure 8.

El K2 3 ok
5 -/ et T 15T 71200 T 25
° ] P I. )
' ' ' l‘l ' ! ' o
——— I —"" IS [ R pp—

BRANCH LEG WITH 4 ELEMENTS AND 5 JUNCTION POINTS

50 55 60
-9

R
35 46 45 50 80 85
——o '

L1 L4
L2
o~ -
65 70 75

SYSTEM WITH 4 BRANCH LEGS AND 2 BRANCH POINTS

FIGURE 8

Junction Points, Elements, Branch Legs and Branch Points
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The actual branch point in the system may best be seen by the illustra-

tion of the tee fitting, which is used as a branch point element, (see Figure 9)

TEE_FITTING

100 | | 105

110

BLOCK DIAGRAM REPRESENTATION

THIS NOT THIS

ANALYTICAL REPRESENTATION

FIGURE 9
Tee Fitting Illustration

Figure 2 shows a branch leg with 4 elements (E1,E2,E3,B4) and § junction
points (5,10,15,20,25). Also in Figure 7 , a system with 4 branch legs

(L1,12,L3,1#) and 2 branch points (45,50), If a junction point is connected to

only one other junction point, it is an end point,

21




The individual element resistances =re summed iiong the irranch legs to
gzive a total resistance, A portion of a branch point type element resistance is
allotted to each of its connecting branch legs, If a junction point is connectes
to only one other junction point, it is an end point,
The fluid conductance in a system is defined as the inverse of the resistance
or
G12 = L (6)
Ri2
where G12 = comiuctance between points 1 and 2
Equation (1) may be rewritten as

Q=G APy, (7)

Equatior. (7) is now in the form required for the Matrix solution sub-
routine SIMULT of Section 4,8, Equation (?) states that the flow, Q, in a
branch leg of a hydraulic system equals the conductance (GIZ) of the leg times
the pressure difference between the upstream and downstream branch points (1 and 2),
In the current SSFAN hydraulic system analysis, branch points are considered
to be located in tees, crosses, actuators and valves. End points are established
at pumps, accumulators, reservoirs and motors.
The net flow at any branch point must be equal to zero to satisfy the

continuity equation,
This requirement is satisfied at the Ith point if:

g Sw(Pr-Pyt P =L ioy=o0 (8)
K

where

Py = pressure at branch pointl

P, = pressure at branch point J

J
PIJ = A pressure rise or loss (from a pump or actuator)
in branch leg 1J

Fixed flow in branch leg Iy
connected to branch point I

Quy =

22
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When looking at any branch point I, the flows are summed for all branch

legs connected to I not having fixed flow rates (legs IJ) plus branch legs
connected to I having fixed flow rates (legs IK)
The signs of

of pressure loss or gain and flow loss or gain,

Prg and Qx are positive or negative depending on the direction

is that the sign is positive if there is a pressure gain in a leg or a flow

gain at a branch point,

The convention established i
{
J

The set of equations derived from equations (7) and (8) for a complex |

hydraulic flow network are st up in the SIMULT solution Matrix as follows,

[ ¢ ]
11 g12 . . . BIN
g
21 gy . . .
gNI . . . . gNN
where N = total number of branch points
M = total number of end points
NeM
€iI1= 2 G
u J=1 1J
81y = =Gy,
N
CI’Z + Gyg APIJ+K+ Q1K
J=l
J K
+ y Grp P+ Ppy
Lett+1 L
LK

23
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P; = pressure at a branch point

Py = fixed pressure at an end point

Gaussian elimination with pivoting is used to solve the Matrix system of
equations for Pj to Py.
The solution of the set of equations is accomplished in 4 basic steps:
(1) An initial guess is made for values of the flow rates in
all the branch legs with non-fixed flow rates of the system,
Experience has shown that this initial guess is not critical
for the SSFAN solution and this guess is made internally in
the program,
(2) In each branch leg with a non-fixed flow rate the current
estimate of the flow rate in that leg is used to compute
the conductance of the branch leg, The leg pressure drop
(resistance) is calculated from a general equation of the form
DP(R) = Ky + K,Q + KjQ1+75 + K@ (10)
where the resistance coeffieients were defined when the branch

legs were assembled, and Q is the current flow estimate,

DP = pressure drop (PSI)
Q = flow (GPM)
KI'KZ'KB'KQ = resistance coefficient 4

DP's are calculated for all branch legs in the system from

which a current value of G is calculated

G=lor 1 (11)
R Bp

(3) These values of G are placed in the Matrix and the Matrix

is solved for pressures at all branch points,

24
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(4) The brarch point pressures are then used to solve for a
new flow rate vhere
Qugw = ®; - Py + APp) Gp (12)
Using this calculated value of QNEw along with QOLD'

a new value of Qy; is calculated by the following equation

Qg = _%LD_%_Q.N_E_W_ (13)

= previous flow value

o
o
[
o

[

latest flow value

L]
=
g

"

the new guess flow rate-after an
iteration Qy; becomes QoLp
Steps 2 through 4 are repeated until successive estimates
in all branch legs agree within the tolerance specified,
From experience to date, one finds that equation (13) is the most optimal
for updating the flow guess,

Convergence Criteria

The solution for flows in all the branch legs are final when all the
previous flows and the latest caleulated flows are within a specified tolerance,
SSFAN tests the convergence of flows for two conditions; (1) Flows less than
one gmm and (2) flows greatsr than 1 gpm, If both the old and new flows are
less than one gpm equation (14#) must be satisfied,

QoLD -~ ANEWw <= .001 (14)
For flow greater than or equal to one gpm equation (15)

Qotb = W
QBIG

< .001 (15)

Q16
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If equations (14) or (15) are not satisfied in each branch leg of the system
for a specified number of iterations, the solution process will stop and an
error message will be printed out indicating the failure to converge due to

excessive iterations,
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The calcul . touas coosriag din22wvy, Main toogram pertain to tne JLUTHR lacter
for a viscositv-pressurc correction and a PAMB term for ihe pressure at the
system altitude. The derivation of FLUIDK is found irn Appendix B of thi- mwanual.
The description of a pressure-altitude equation results from an application
of altitude-temperature and pressure-temperature relationships for air, which
is assumed to be a perfect gas. Reference (6) is the source for this equation
which for completeness is derived below.

The change in temperature with altitude is constant over certain ranges.

If the altitude above ground level is called h, then a constant termed the

lapse rate )\ is defined by the following equation:

L=+ (16)
Where: T = Temperature
h = Height )
A = Lapse Rate

The positive sign in Equation (16) is used when the temperature increases with
increasing altitude and the negative sign is used when the temperature
decreases for increasing altitude.

The atmospheric pressure decreases with increasing altitude and may be

expressed as follows:

%% = -pg a7
Where: p = Pressure (lb/ftz)
h = Altitude (ft)
o = Density (slug/ft3)

g = Gravitation Constant (ft/secz)

Assume that ailr obeys the perfect gas equation of state (18);

-
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RT (18)

© o

”
Pressure (1b/ft”) -

Where: p =
T = Temperature (°R)
R = Gas Constant (ft lbf/(slug)(°R))

Density (slug/ft3)

Then substituting Equation (18) into Equation (17) one obtains:

dp _ _dh
P g (19)

Further combining Equation (16) with (19) gives:

_ g_dT
=+ R T (20)

° I8

Integrating both sides of Equation (20) between the limits Po to P and T0 to T
one gets a solution of the form:

+ AR/g T 21)

P ;

The relation between pressure and temperature for a perfect gas can be written

as:

(n-1/n
P _T
( 5 ) = T (22)

1y
o (o]

Comparing exponents in Equations (21) and (22) one is alle to write an expression

for the lapse rate ) as being:

(n-L)g (23)

A=+ nR

Solving equation (22) for Eil below:

T
Eﬁl = log To (24)

P
log Po
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From the ICAD standard atmosphere at sea level

To 518.688 °F

Py

2116.22 LB/FT
at 10,000 FT

T 483.026 °F

P 1455.33 LB/FT2

]

Substituting these values into equation (24) one finds that n = 1.23496,
Letting g = 32,2 FT/SEC2 and R = 1,716 FTZ/SEC2 °R, A from equation (23) has
a value of approximately .00357°R/FT.

Equation (16) may be integrated to obtain a relation between altitude and
temperature;

T - To = 4+ (h - ho) (25)
From Equations (21)and (25) pressure and altitude are both expressed in terms
of temperature. An equation may now be written by combining (21) and (25) to
solve for the pressure at altitude in terms of temperature and altitude-

Solve Equation (21) in terms of T and substitute into Equation (25).

Dividing by + A one obtains:

-1

To simplify Equation (26) let ho = 0 altitude, and then rearranging, the

To p AR/
- = 4+ 2 L 8 26

equation now reads:

( P )"R/g -+ 2oy (27)
> - T
Po o

or, rewriting (26), using the minus sign for the lapse rate to mean decreasing

temperature with increasing altitude one may write:

AR/g JR/G h)
P = P (1- T ) (28)
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Further simplification of Equation (28) yields:

AR/g hA g/ R
P=|P 1 -

T C9)
o
At sea level with h° = 0
P = 14,7 1b /in2
o f
T = 519°R
o
A = .00357 °R/ft
2 2 °
R = 1716 ft°/(sec”™) (°R)
g = 32.2 ft/sec2
Equation (29) now becomes:
P = [L.6676(1 - h/145378.) ] %>® G0)

Equation (30) is used in the Main Program SFAN to calculate the presstre at
any altitude between U and 36,089 ft. The P value is stored in the labeled
common named BLKl under the variable name PAMB. This makes the pressure value
available to the cumponent subroutines that are altitude dependent such as

the reservoir subroutine.

Because of the atrupt slope changes of the temperature-altitude relation-
ship, it is not pu~sible to express the atmospheric characteristics as a
continuous function. Different equations apply in each thermal layer. fo
altitudes of 36,0549 1. 65,000 tt., the atmospheric temperature is constant.

To obtain a pressure altitude equation at these altitudes integrate equation (!9}
as follows:

P h
dP dh
f p R'rg (3D

or

(32)
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where P = pressure at altitude PSI

P1 =  pressure at base altitude PSI
h = altitude (FT)
hy = altitude at base layer (FT)

Solving equation (31) for P:

g(h1-h)
P o=ppe [ —pI (33)

using the ICAD standard atmosphere

2, 1 F12

= — = 28 g
Py = 472.679 LB/FI"* 9=y = 3.2835 PSI
hy] = 36,089 FT
R = 1716 FT/sEc’® °R
T = 389.988 °R
g = 32.2 FT/SEC?
p = 3.2825 * EXP(4.806 x 107> (36089-h)) (34)

Equation (34) is used in SSFAN for the pressure-altiftude equation for
36,089 to 65,000 FT.
To define a relation for the 65,000 to 150,000 ¥T regicn of the atmosphere,
the orthogonal polynominal method was used to fit least-squares polynomials
to data. A third degree equation (35) was derived from the 1962 standard
atmosphere data to obtain a reasonable correlaticon to the model atmosphere.
PAMB = [(867.42375—1.990498E-02(h)+l.5&96195-07(h)J—h.066556E—13(h)3]/lnh. (35)
In equations (30), (34), (35) h represents the altitude. For any altitudes
greater than 150,000 ft. a pressure of O PSI is used in SSFAN for the value
of PAMB.

3.3 Assumptions

Not applicable,

£ "
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3.4 Computation

The logic involved in SSFAN concerns the selecting of the proper output
subroutines chosen by the user. The desired output types, which are read in
on the sixth data card, are stored in the PRINT array. The type output
number is converted to an integer called IPRINT. A computed Go To statement
will then select the proper output corresponding to the output type.

3.5 Approximations

The equations for viscosity-pressure correction and ambient pressure
are approximations as any attempt to mathematically formulate a physical
system would be. The pressure at altitude equations (30), (34), (35) are

based on a constant gravitational value 32.2 ft/sec2 for all altitudes. Air

is also assumed to be a perfect gas. These approximations will yield slightly

lower pressure values at high altitudes when compared with the standard
atmosphere tables.
3.6 Limitations

Not applicable.
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3.7 SSFAN Variable Names

Variable

BLEG

BPS

BRANCHP
CALC1
CALC2
CONNECT

CONS

DDENS

DENS

DTEMP

D160
EQD1
EQD2
ERR

FLUIDF

FLUIDK

FTYPE

ICENT

Descrigtiqn

General purpose array

Dynamic element junction storage array for
sorting

Dynamic element data storage array
Matrix of coefficients
NU matrix of constants
Static element data storage array

Static element junction storage array
for sorting

Array of weight density values input
by user

Fluid weight density at atmospheric
pressure

Array of temperature values corresponding
to the DDENS array

Weight density at 100°F

Average diameter of leg
Orifice diameter
Error indicator

Viscosity-pressure correction factor at
100°F

Viscosity-pressure correction factor: at
fluid temperature

Array containing the system title and
fluid name

Integer counter

Array containing number of non-zero elements
in each column of CALCl
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OF

LB/FT3
IN

IN




3.7 (Continued)
Variable

ICOoL

IDES

IDIAG

IERROR

ILEP

INEGC

IORDER

IPQL2

iRENT

ITER
TTY

TTYPE

C(ENT

JCOL

JeM.

JNEG

Description

Array containing column location of
each non-zero element of CALCl

Storage array of element names

Array which identifies which columns of
CALCl contain positive conductance values

Error indicator
0 = No program errors
+ = Program termination

Array of leg numbers with up and downstream
pressure points

Array which stores the second appearance
of a negative conductance value

Array giving pivot selection based on
min-row min-column criteria

Integer counter

Array containing number of non-zero elements
in each row of CALCl

Iteration count

Storage array of element types
Integer element type

Integer counter

Array identifying the number of non-zero
entries in each column of CALCl

Array identifying the non-zero filled columns

of CALCl; the rows correspond to the rows of
CALCl; elements in each row correspond to
column number in each row of CALCl

Total number of pressure points in the system

Array which identifies which column in CALC1
contains the first appearance of a negative
conductance value in CALCl array
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v (Continued:

Variable

JRENT

=

MiL

N

NAB

NBP2
NC
NCT
NC2
NJ3
NL
NPQ

NPQL2

NVIS

N16

N17

Description

Array identifying the number of non-zero
entries in each row of CALCI

Element type indicator
Element type indicator
Element type indicator
Integer counter
Integer counter

Total number of legs

Number of data cards for one element and
number of fixed pressure points

Total number of floating branch points
Total number of elements in BRANCHP array
Tota! length of BRANCHP array

Total number of elements in CONNECT array
Integer indicator for number of data cards
Total length of CONNECT array

Integer counter

Total length of BLEG & TLEP array

Total number of rows in PQL array

Array containing row location in BRANCHP
array of element with fixed pressure

Total number of viscosity data points input
by user

Length of QT16 array

Length of QT17 array
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3.7 (Continued)
Variable

N18

N19

PAMB

PQL

PQL2
PRINT
QT15

QT16

QT17
QT18
TEMP
TEMPF
TEMPINC
TEMP14
TODAY
TYPE
VIsC

VTEMP

VVISC

V100

Description
Length of QT18 array

Length of QT19 array
Atmospheric ambient pressure

Array containing calculated pressures,
element types and junction numbers

Array of constant pressure point junction

Array containing output types

Dimensions

Storage array for quasi-transient temperatures -

Storage array for additional element
which used in quasi-transient calculations

Storage array for quasi-transient valve data
Storage array for quasi-transienr valve data
Fluid temperature

Final fluid temperature

Fluid temperature increment

Fluid temperature at branch point array
Current Julian date

Element type

Fluid viscosity at atmospheric pressure

Temperature data values for viscosity input
by user

Viscosity data values input by user

Fluid viscosity at 100°F
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3.8 MAIN PROGRAM SSFAN LISTING

PROGKAM SSFAN(DATA,OUTPUT TAPE5=DATA,TAPE6=0UTPUT)

STEADY STATE FLOW ANALYSIS----SSFAN 22 FEB 1979
DATA INPUT - SORTING - STORAGE

DIMENSION ITY(30),IDES(30),TYPE(19)

DIMENSION BLANK1(1l),BLANK2(1),BLANK3(1)

DIMENSION TEMP14(100,2)

DIMENSION QT15(3),QT16(10,18),QT17(5,18),QT18(5,18),QT19(108,10)
DIJENSION CALC1(70,9),JCUL(70,5),CALC2(70),JRENT(70)

DIMENSION JCENT(70),IDIAG(70),JNEG(70),INEG(70)
DIMENSION IRENT(70),ICENT(70),I10RDER(70,3),ICOL(70,9)

COMMON TEMPF, TEMPINC
COMMON AFBP(20) ,BRANCHP(70,22),CONNECT(100,8),ILEP(70,2)

COMMON AFBPS(20),BPS(70,6),CONS(100,3),BLEG(70,16),PQL(70,8)

COMMON /BLK1/TEMP,VI1SC,DENS, D100, PAMB,ALT,FLUIDF,FLUIDK,V100

COMMON /BLK2/VVISC(9),VTEHMP(9),DDENS(2),DTEMP(2),NVIS

COMMON /BLK3/NPQL2(20),PQL2(20)

COMMON /BLK7/1ERROR,ITER

COMMON /BLK8/TODAY(1)

COMMON /BLK9/FTYPE(16),PRINT

DATA NBP2,NC2,NL,NPQ/70,100,70,70/,BCHK/” -/

DATA N16,N17 ,N18,N19/10,5,5,10/

DATA ITY/1,2,3,4,5,6,7,8,9,10,11,12,13,21,22,23,24,
125,31,32,33,34,35,36,37,38,91,92,100,100/

DATA IDES/"TUBE”,”UN1ON”", CHECK VLV”, ACTUATOR”,
1-PuMP”,”FILTER”,"PP=-QPT-ACC~, “MOTOR”,"RESERVOIR”,
2°SPECIAL”, “HOSE”,“HEAT EXCH”,”FLOAT BP”,”45 DEG EL”,
390 DEG EL”, REDUCER”,”TEE”,”CROSS”, 1-WAY RSTR”,
472-WAY RSTR”, RELIEF VLV, 4W-3P VLV~, 3W=2P VLV~,
572W-2P VLV~, FLOW REG”,”ORF SIZER”,”APPX RESV~,
6°CNST P RSV' . “hkk ek kkhkk” . ’**********'/

CALL DATE(TODAY)

READ(S5,7)(FTYPE(M) ,M=1,8)

READ(S5,7)(FTYPE(M) ,M=9,16)

CALL UPUT4

WRITE(6,2)

WRITE(6,1)

1 FORMAT(1X,9(°07),10("17),10("2°),10("37),10("47),10("57),10("67),
110(°77),78%)

2 FORMAT(” ~,33("*"), COLUM. NUMBERS”,33(°*°))
WRITE(6,3)

3 FORMAT(” ~,8(712345678907))
WRITE(6,4)

4 FORAAT(” “,5(8("+7),8(7$7)))

IERROR=0

ERR=0,

NJ3=0

116=0

117=0

118=0

119=1

READ(S5,12)NVIS,BLANKL(1),(VVISC(M) M=1,NVIS)

READ(5,12)NVIS, BLANKZ2(1),(VTEAP(M) ,M=1 visg

READ(5,15)DDENS (1), bbENS(2) ,0TEMP(L),DTEMP(2)
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3.8 (Continued)

READ(5,15)TEMP ,TEMPF , TEMPINC,ALT, PRINT
WRITE(6,5)
5 FORMAT(/” CARD 1 7,23("+7), TITLE”,45("+"))
WRITE(6,8)(FTYPE(M),M=1,8)
WRITE(6,6)
6 FORMAT(/~ CARD 2 7,23("+7), FLUID",45("+7))
WRITE(6,8) (FTYPE(M) ,M=9,16)
7 FORMAT(BA10)
WRITE(6,9)
FORMAT(” ~,3A10)
FORMAT(/” CARDS 3&4 ~,9( +7), VISCOSITY-TEMPERATURE DATA,35( +7))
WRITE(6,13)NVIS,BLANKL(1),(VVISC(M) ,M=1,NVIS)
WRITE(6,13)NVIS,BLANK2(1),(VTEMP(M) ,M=1,NVIS)
WRITE(6,10)
10 FORMAT(/” CARD 5 “,14("+°), DENSITY-TEMPERATURE DATA",35( +7))
WRITE(6,11)DDENS(1l),DDENS(2),DTEMP(1),DTEMP(2)
11 FORMAT(” ~,10F8.3)
12 FORMAT(I1,A7,9F8.2)
13 FORMAT(” ~,11,A7,9F8.2)
WRITE(6,14)
14 FORMAT(/” CARD 6 ~,5(°+°), INITIAL TEMP-FINAL TEMP=-TEMP INCR-ALTIT
LUDE-PRINT-OPTIONS” ,12("+7))
WRITE(6,11)TEMP, TEMPF ,TEMPINC,ALT,PRINT
15 FORMAT(10r3.3)
WRITE(6,16)
16 FORMAT(//L1X, TYPE”,2X, DESCRIPTION”,4X, TYPE",
12X, “DESCRIPTION" ,4X, "TYPE”,2X, “DESCRIPTION",
2/11K,6(7+7),2%X, 100 47),4X,4(7+7) ,2X,11("+"),
34X ,4(747),2X,11(7+7))
DO 17 1=1,10

o

17 WRITE(6,18)1TY(1),IDES(I),ITY(I+10),IDES(I+10),ITY(1+20),

1IDES(1+20)
18 FORHAT(12X,12,3X,A10,6X,12,3X,A10,6X,12,3X,A10)
WRITE(6,19)
19 FORMAT(”LCARDS 7 & ON ~,27("+°),”ELEMENT DATA",28("+°))
WRITE(6,2)
WRITE(6,1)
WRITE(6,3)
WRITE(6,4)
20 READ(5,21)N,BLANK3(1), (TYPE(M),M=1,9)
NCT=1
21 FORMAT(I1,A7,9F8.3)
WRITE(6,22)N BLANK3(1),(TYPE(M),M=1,9)
22 FORMAT(” “,I1,A7,9F8.3)
AN=TYPE(1)
IF(AN.EQ.1..0R.AN.EQ.11.)CALL BLOSS(NCT,TYPE)
IF(N.GE.2)READ(5,15) (TYPE(M) ,M=10,19)
IF(N.CE.2)NCT=2
IF(BLANK3(1).EQ.BCHK)GO TO 24
ERR=ERR+1 .
WRITE(6,23)
23 FORMAT(® °,5X,” “*%ERROR*** DATA IN COLUMNS 2 THRU 8°)
24 ITYPE=TYPE(L)
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3.8

25

26

27

28

29
30

31

32

33
34
35
36

37

38

39
40

41

42

43

44

45

(Continued)

IFCITYPE.EQ.0)GO TO 58
LF(LTYPE.GT.10)GU TO 25
LF(ITYPE.GT.2)G0 TO 35

GO TO (37,37),ITYPE

J1=ITYPE/10

J2=1TYPE-J1*10

GO TO (26,27,28,30,30,30,30,30,29),J1
GO TO (37,37,52,32,41,41,41,41,41),J2
GO TO 30

G0 To (37,37,37,35,35),J2

GO TO 30

Go TO (35,37,35,35,35,35,35,35),J2

GO TO 30

GO TO (35,35),J2

ERR=ERR+1.

WRITE(6,31)

FORMAT(” “,11X,”~**ERROR*** ILLEGAL ELEMENT TYPE")
GO TO 56

DO 33 J3=3,9

IF(TYPE(J3).EQ.0.)GO TO 34

NJ3=NJ3+1

TEMP14(NJ3,2)=TYPE(2)
TEMPL4((NJ3),1)=TYPE(J3)

GU 10 54

NBP=NBP+]

IF(N.EQ.2)WRITE(6,57) (TYPE(M),M=10,19)
DO 36 J=1,17

BRANCHP ( NBP+(J-1) *NBP2 )=TYPE(J)

GO TU 54

NC=NC+1
IF(N.GE.2)WRITE(6,57)(TYPE(M),M=10,19)
IF(N.GE.2)CALL BLOSS(NCT,TYPE)
IF(N.EQ.NCT)GO Tu 39

READ(5,15) (TYPE(M) ,M=10,19)
WRITE(6,57)(TYPE(M),M=10,19)

CALL BLOSS(NCT,TYPE)

NCT=NCT+1

IF(NCT.EQ.N)GO TO 39

GO TO 38

DO 40 J=1,8

CONNECT (NC+(J=1)*NC2)aTYPE(J)

GO TO 54
IF(N.EQ.2)WRITE(6,57) (TYPE(M) ,M=10,19)
I3=ITYPE-14

GO TO (42,44 ,46,48,50),J3

DO 43 [=1,3

Jel+l

QT15( 1)=TYPE(J)

GO TO 54

116=116+1

DU 45 I=1,18

J-{+%
QT16(116,1)=TYPE(J)
39
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3.8

46

47

48

49

50

51
52
53
54
55
56

57
58

(Continued)

GO TO 54

I17=11741

DO 47 I=1,18

J=I+1

QT17(I17,1)=TYPE(J)

GO TO 54

118=118+1

J=1+1

QT18(118,1)=TYPE(J)

GO TO 54

119=119+1

DO 51 I=1,5

Jal+1

QT19(1,119)=TYPE(J)

GO TV 54

DO 53 J=2,9

IF(TYPE(J).EQ.0.)GO TO 54

NAB=NAB+1

AFBP(NAB)=TYPE(J)

DO 55 M=1,19

TYPE(M)=0.

GO TO 20
IF(N.EQ.2)WRITE(6,57)(TYPE(M),M=10,19)
GO TO 20

FORHMAT(” ~,10F8.3)

CONTINUE

CALL VISD
IF(ALT.LE.36089.)PAMB=(1.6676%(1.~ALT/145378.))**5.256
IF(ALT.GT.36089 .AND.ALT.LE.65E3)PA1B=3.2825

1 *EXP(4.806E~5*(36089.-ALT))

IF(ALT.GT.65E3.AND.ALT.LE.15E4)PAMB=(867.42375-1.990498E=2*ALT

1 +1.549619E-7*(ALT**2)~4 .046556E~13%(ALT**3))/144.

IF(ALT.GT.15E4)PAMB=.0197361

CALL SDSORT(AFBP,BRANCHP ,CONNECT ,AFB8PS,BPS,CONS,NBP2,NC2)
IF(IERROR.GT.0)GO TO 76

CALL BUILD(ILEP,CONS,BPS,AF3PS, BLEG, PQL,NBP2 ,NC2 ,NL ,NPQ,

1BRANCHP , CONNECT , ML)

59

6u
61
62

DO 59 I=1,NPQ

PUL( [+7*NPQ)=TEMP

DO 61 I=1,NPQ
IF(POL(1).EQ.0.)GO TO 62

DO 60 J=1,100
IF(TEMPL4(J,1).EQ.0.)GO To 61
DO 60 K=3,6

IF(TEAPL4(J, 1) EQ.PQL(I+KANPQ))PQL(1+7%*NPQ)=TEMP14(J,2)
CONT LNUE

CONTLNUE

CONT{ NUE

DO 64 I=1,NL
IF(ILEP(1).EQ.0.)G0 TO 65
BLEG( I+2*NL)=10.

1F(BLEG( 146*NL) .EQ.0.)CU TO 63
EQDI=BLEG( I4+3%NL)*%4
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3.8 (Continued)

63

64
65

66
67

68
69
70
71
72
73
74

75

EQD2=BLEG(I+6*NL)**4

BLEG( I+3*NL)=( (EQD1*EQD2)/ (EQDI4+EQD2))**.25
BLEG( I+6*NL)=0.

BLEG( I+7*NL)=.0001

BLEG( I+4*NL)=0.

IF(BLEG(I+3*NL).EQ.0.)BLEG( I+12*NL)=2.
IF(BLEG(I+3*NL) .EQ.0.)BLEG(I+3%*NL)=1.

BLEG( I+13#NL)=( PQL( ILEP(I1)+7*NPQ)+PQL( ILEP( I+NL)+7%NPQ))/2.

TEMP=BLEG( I+13%NL)

VISC=0.

CALL VISD

FLUIDK=( FLUIDF**(560./(460.+TEMP)))*.00023
BLEG( I+14*NL)=FLUIDK

BLEG( I+15*NL)=VISC

N=0

JEM=0

IPQL2=0

DO 66 I=1,NBP2

IF(PQL(I).EQ.0.)GO TO 67

JEM=JEM+1

IF(PQL(I) .EQ.~1.)GO TO 66

N=N+1

1PQL2=1PQL2+1

NPQL2(IPQL2)=1

PQL2(IPQL2)=PQL(I)

CONTINUE

CONTINUE

IF(PRINT.EQ.1.)GO TO 68
IF(PRINT.EQ.2.)GO TO 69
IF(PRINT.EQ.3.)GO TO 70

GO TO 71
WRITE(6,72)(1,(ILEP(L,J),J=1,2),I=1,ML)
WRITE(6,73)((PQL(I J),J=1,8),1=1,JEM)
WRITE(6,764)((BLEG(I,J),J=1,16),I=1 ML)
CONTINUE

FORMAT(3110)

FORMAT(8F12.3)

FORHAT(8FL4.4)

CALL OPUT4

CALL OPUT3(ILEP,BLEG,NL,PQL,NPQ) .
IF((QT15(2)=-0T15(1)).LE.0.)GO TO 75
CALL QTCALC(BRANCHP NBP2,PQL,NPQ,BLEG,ILEP,NL,QT16,N16,

1QT17,N17,QT18,N18,QT19,N19,ML N,JEM,CALC1,JCOL,CALC2,
2JRENT,JCENT, IDIAG,JNEG, INEG, IRENT, ICENT , IORDER, 1COL, PQL2 ,NPQL2)

GO TO 76
CALL CALC(ML,N,JEM, BLEG,PQL,CALC1,JCOL,CALC2,JRENT,JCENT,

1IDIAG,JNEG, INEG,8RANCHP ,NBP2 ,NL, ILEP, IRENT,ICENT,IORDER, LCOL,
2

NPQ)
CALL OPUT4
CALL OPUT2(1LEP,BLEG,NL,PQL NPQ)

76 CONTINUE

END
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SECTION IV
DATA INPUT

The Input section of the Main Program is designed to minimize

user time and effort in the preparation of the data deck. All data cards
are divided into 10 cclumns of 8 characters each, with only the title card
and fiuid name card not following this format.

The first six cards of the data deck contain the system parameters.
They along with the last data card are the only cards that must be inserted
in a specific order. The system parameters include the system title, flu:id
name, viscosity-temperature data points, density-temperature data points,
system operating temperature, altitude and the type of data
output. The remainder of the deck contains the system element dat:.

The description of how the element physical data is entered on the cards
along with any other information concerning the data deck setup may te
found in the SSFAN Users Manual {AFAPL-TR-76-43, Vol. V).

The Input has no restriction as to the placing of element data cards
in the data deck. Each element card or cards depending on the type of element,
may be inserted in any order. If new elements are added to the system, the
data cards containing these elements may be located anywhere the user finds
it best to insert them. The Input section of the program processes
each element individually, therefore a rigid format for element order in
the data deck need not be followed.

The final card for data input has a zero element type. The reading of a

zero element type will terminate the data processing.
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Figure 10 presents a simple flow chart for the input processing of
the data deck. The SSFAN Main Program reads in the data cards and writes
out the data exactly as it was read in. The data is processed one card at
a time for system parameter cards, and one or more cards for element data.
The data is stored in the appropriate array as it is read in. If the data
being processed is a tube or hose, its cnergy loss coefficient is computed
and stored before another card is read. When an illegal format occurs
on a data card an error message is printed out and the processing continues
with the next card. The card with element type zero causes the main
program to stop reading data cards.

Figure 11 presents a summary of data card input parameters for all
elements.

Refer to Figure 12 for examples of data cards written out exactly

as thev were read in.
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DATA INPUT

READ DATA
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INVALID
CARD
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PROCESS
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FIGURE 10
GENERALIZED DATA INPUT FLOW CHART
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4.1 MAIN PROGRAM DATA INPUT

The main program data input section reads the data from the data cards
which describe the system parameters and elements. The data is stored in
labeled and unlabeled common and other arrays for use by the main program
and the individual subroutines. All input is made using an 80 column card
field as the basic format. The program reads one or more cards as required
by the system element models. Any element type that is not listed in the
SSFAN users manual as being a valid element will be rejected by the program
which will print out an error message.

If the element is a tube or a hose with bends, the energy loss coefficient
is calculated by BLOSS subroutine and stored with the element data. The

bend angles are then discarded.
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1 . escription of Data input
l".e dara input section nas two basic tasks to perform. & flow

iragram ot this data processing is presented in Figure l3. The first
task involves the reading in of the system parameters. A separate read
statement is used to input each of these cards. The first two cards are
the title and fluid name cards to be used wherever the system title or
fluid name must appear in the program. The title card data is read
into a labeled common (BLK9) whose array name is FTYPE. Cards three
and four contain the viscosity-temperature data for the hydraulic fluid to
be used in the system. This data is stored in BLK2 under array names VVISC
and VIEMP. Also stored in BLK2 is the density-temperature data contained
on card five. The final value stored in BLK2 is the number of viscosity
data points which are used later in the viscosity interpolation subroutine
VISD. This valu. is read off the viscosity data card. The last or
sixth card of the system parameters contains the system initial and final
temperature and temperature increment (for multiple temperature runs),
altitude and type of output requested. The temperature and altitude are
stored in BLK1l and the output types are inserted into BLK9 in the PRINT
array.

The second task sorts the system elements into their respective arrays.
One element is processed at a time. The read statement will input as many
data cards that are needed to fully describe a system element. This
information is temporarily put into a buffer array named TYPE. After the
element type is converted to an integer (ITYPE), a computed Go To
corresponds the type number with a statement number. A do loop at each

statement number empties the buffer array into the proper element array.
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DATA INPUT

¢

AYSTEM PARAMETERS

TITLE

FLUID NAME

VISCOSITY DATA POINTS
TEMPERATURE DATA POINTS
DENSITY - TEMPERATURE DATA

* SYSTEM TEMPERATURE, ALTITUDE,
OUTPUT TYPE

* » % * %

v

STORE SYSTEM
PARAMETERS IN
LABELED COMMON BLOCKS

v

ELEMENT
TYPE

DATA INPUT ENOED

WRITE
ERROR
MESSAGE

INVALID
ELEMENT TYPE
OR DATAIN

YES

WRONG FIELD

COMPUTED GO 7O
FORTYPE

¢

STORE DATAIN |
ELEMENT ARRAYS

ELEMENT
TUBE OR HOSE

CALL BLOSS TO
COMPUTE
ENERGY

LOSS COEFF

l

Bt

FIGURE 13

DATA INPUT FLOW DIAGRAM
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All the basic input data are stored in AFBP, BRANCHP or CONNECT arrays.
CONNECT array contains all the static elements (elements which have resistance
coefficients calculated and stored and are not recalculated during the
iterative calculations). BRANCHP array contains all dynamic elements (elements
whose resistance coefficients are recalculated each iteration). AFBP array
contains junction numbers input by the user to have pressures calculated
which otherwise would not be calculated. Variable temperatures at branch
points are stored in TEMPl4 array. Quasi-transient calculation data are
stored in arravs QT15, QT16, QT17, QT18 and QT19.

Figures 14 and 15 are summaries of data contained in CONNECT and
BRANCHP arrays respectively. Figures 16 , 17 and 18 are actual computer
printouts of data contained in CONNECT, AFBP and BRANCHP arravs, respectively,

from SSFAN Sample Case Number 1.

4.1.2 Computations

BLOSS subroutine calculates energy loss coefficients for tubes and
hoses. Figure 19 1is the flow diagram for BL0OSS. See Appendix C for
detailed calculation method,
The DO loop parameters are set depending on the number of cards being
read. The ratio of bend radius to inside diameter is set to 3.X (OD/ID) «
for tubes and 8. for hoses. To change either value requires changing the
number on the appropriate card in BLOSS subroutine. Fach bend angle is
read from the TYPE data array one at a time, energv loss coefficient calculated
and summed into a temporary storage location (ECOEF). When all the bend
angles on one card are processed, ECOEF is summed into column 7 of the tube

or hose data, replacing the first bend angle that was input.
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4.1.3 Error Messages

Should the user insert an invalid element number, the type number
(ITYPE), generated from the integer truncation of TYPE(l) will cause
an error message to be printed.

The message "Error - Illegal Element Type" is printed below

the data, see Figure 20,

1.000 225.000 220.000 4.000 .020 78.200 97.000 89.000 90.000
2.000 15.000 225.000 4.000 4.000 -0.000 -0.000 =-0.000 -0.000
26.000 200.000 205.000 8.000 8.000 -0.000 -0.000 =-0.000 -0.000
©* *ERROR*** ILLEGAL ELEMENT TYPE

1.000 190.000 200.000 8.000 .028 128.500 97.000 31.000 68.000

FIGURE 20
Illegal Elemeut Number Output
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2

1

If data is entered in columns 2 thru 8 of any data card, an error

message will be generated.

The error message will be printed

immediately below the input data, as shown in Figure 21.

1.000 205.000 210.000

83.000 121.000 150.000 -0.000
5 5.000 5.000 10.000
Ox*pERHOR*** DATA IN COLUIS
50.0003000.0002950.000 -0.000
2.000 245.000 250.000

8.000  .028 147.300 23.000 38.000 90.000
-0.000 =-0.000 =-0.000 =-0.000 =-0.000 =-0.000
15.000 16.000 12.000  4.0003750.0003750.000

2 TdrU 8

-0.000 -0.000 =0.000 =-0.000 =-0.000 =0.000
10.000 10.000 -0.000 =0.000 =-0.000 =0.000
FIGURE 21

Illegal Format Output

The number of elements should not exceed the array storage allocated

for them in the main program.

If this occurs the excess elements of a

particular type will be stored in the last location of the element array

over any information that has previously been placed there.

With termination

of the data input operation system assembly begins.
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4.1.4

Main Program Data Input Section Variable Names

Refer to section 3.7 for a variable name listing.
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4.1.5

1

2

3

4

o

10
11
12
13

14

15

16

Main Program Data Input Section Listing

READ(5,7) (FTYPE(M),M=1,8)

READ(5,7 ) (FIYPE(M) ,M=9,16)

CALL OPUT4

WRITE(5,2)

WRITE(6,1)

FORHAT(1X,9¢°07),10( 17),10("27),10¢"37),10("4"),10("57),10("67),

110(°77),787)

FORMAT(” ~,33(°*”), “COLUMN NUMBERS”,33("*"))
WRITE(6,3)

FORMAT(” ~,8("12345678907))

WRITE(6,4)

FORMAT(" ~,5(8("+7),8("s7)))

ERR=0.

NJ3=0

N16=0

N17=0

HN18=0

N19=0
READ(5,12)KVIS,BLANKL(1),(VVISC(M),M=1,NVIS)
READ(S5,12)NVIS,BLANK2(1l), (VTEMP(M),M=1,NVIS)
READ(5,15)DDENS(1),DDENS(2),DTEMP(1),DTEMP(2)
READ(5,15)TEMP, TEMPF , TEMPINC ,ALT, (PRINT(M) ,M=1,4)
WRITE(6,5)

FORMAT(/” CARD 1 7,23("+7),"TLITLE",45("+7))
WRITE(6,8) (FTYPE(M),H=1,8)

WRITE(6,6)

FORMAT(/” CARD 2 ~,23("+"), FLUIN",45("+7))
WRITE(6,8)(FTYPE(M),M=9,16)

FORMAT(8A10)

WRITE(6,9)

FORHMAT(”~ ~,8Al0)

FORMAT(/” CARDS 3&4 °,9(°+7), VISCOSITY-TEMPERATURE DATA,35(7+7))
WRITE(6,13)NVIS ,BLANK1(1),(VVISC(M),M=1,NVIS)
WRITE(6,13)NVIS,BLANK2(1),(VTEMP(),M=1,NVIS)
WRITE(6,10)

FORMAT(/” CARD 5 ~,14("+7), DENSITY-TEMPERATURE DATA”,35("+7))
WRITE(6,11)DDENS(L) ,DDENS(2),DTEMP(1),DTEMP(2)
FORMAT(" ~,10F8.3)

FORMAT(I1,A7,9F8.2)

FORMAT(" ~,11,A7,9F8.2)

WRITE(6,14)

FORMAT(/” CARD 6 “,5("+7), INITIAL TEMP-FINAL TEMP-TEMP INCR-ALTIT

1UDE-PRINT=-OPTIONS”,12("+"))

WRITE(6,11)TEMP,TEMPF,TEMPINC,ALT, (PRINT(M) ,M=1,4)
FORMAT(10F8.3)

WRITE(6,16)

FORMAT(//11X,”TYPE",2X, DESCRIPTION” ,4X, “TYPE",

12X, “DESCRIPTION” ,4X, “TYPE”,2X, “DESCRIPTION",
2/11X,4(°47),2X,11(°+7),4X,4("+7),2X,11("+7),
34X,4(7+7),2X,11("+7))
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4.1.5 (Continued)

DO 17 I=1,10

17 WRITE(6,18)ITY(1),IDES(I),ITY(I+10),INDES(I+10),ITY(I+20),
11IDES(I+20)

18 FORMAT(12X,12,3X,A10,6X,12,3X,A10,6X,12,3X,A10)
WRITE(6,19)

19 FORMAT(“1CARDS 7 & ON “,27("+"), ELE(ENT DATA”,28( +"))
WRITE(6,2)
WRITE(6,1)
WRITE(6,3)
WRITE(6,4)

20 READ(5,21)4,BLANK3(1), (TYPE(M),M=1,9)
NCT=1

21 FORMAT&II A7,9F8.3%
WRITE(6,22)N;BLANK3(1),(TYPE(M),M=1,9)

22 FORMAT(” °,11,A7,9r3.3)
AN=TYPE(1)
IF(AN.EQ.1..0K.AN.EQ.11.)CALL BLOSS(NCT,TYPE)
IF(N.GE.2)READ(5,15) (TYPE(M),M=10,19)
IF(N.GE.2)NCT=2
IF(BLANK3(1).EQ.BCHK)GO TO 24
ERR=ERR+1 .
WRITE(6,23)
23 FORMAT(” “,5X, "*XERROR*** DATA LN COLUMNS 2 TdRU 8)
24 ITYPE=TYPE(1)
IF(ITYPE.EQ.0)GO TO 53
IF(ITYPE.GT.10)GO TO 25
LF(ITYPE.GT.2)G0O TO 35
GO Tu (37,37),ITYPE
25 J1=ITYPE/10
J2=ITYPE=-J1*10
GO To (26,27,28,30,30,30,30,30,29),J1
26 GO T0 (37,37,52,32,41,41,41,41,41),J2
GO TO 30
27 6o TO (37,37,37,35,35),J2
GO TO 30
28 GO TO (35,37,35,35,35,35,35,35),J2
GO TO 30
29 GO TO0 (35,35),J2
30 ERR=ERR+1.
WRITE(6,31)
31 FORMAT(" “,11X,“"**LRROR*** ILLEGAL FLEMENT TYPE")
GO TO 56
32 DO 33 J3=3,9
IF(TYPE(J3).EQ.0.)GO TO 34
NJ3=NJ3+1
TEMP14(NJ3,2)=TYPE(2)
33 TEMP14((NJ3),1)=TYPE(J3)
34 GO TO 54
35 NBP=NBP+1
LF(N.EQ.2)WRITE(6,57)(TYPE(M),M=10,19)
DO 36 J=1,17
36 BRANCHP(NBP+(J=1)*NBP2)=TYPE(J)

GO TO 54 A
37 NC=NC+1 M

IF(N.GE.Z)WKITE(6,57)(TYPE(M),M-10,19) &
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5

33

39
40

41

42

43

44

45

46

47

48

50

51
52
53
54
55
56

57
53

(Continued)

IF(N.GE.2)CALL BLOSS(NCT,TYPE)
IF(N.EQ.NCT)GO TO 39
READ(5,15)(TYPE(M),M=10,19)
WRITE(6,57)(TYPE(M),M=10,19)
CALL BLOSS(NCT,TYPL)
NCT=NCT+1
IF(NCT.EQ.N)GO Tu 39
GO To 38
DU 40 J=1,8
CONNECT(NCH(J-1)*NC2)=TYPE(J)
GO TO 54
IF(N.EQ.2)WRITE(6,57)(TYPE(M),M=10,19)
J3=1TYPE-14
GO TO (42,44,46,48,50),J3
DO 43 I=1,3
J=1+1
QT15(I)=TYPLE(J)
GO Tu 54
N16=N16+1
DO 45 I=1,18
J=i+1
OT16(N16,1)=TYPE(J)
GO TO 54
H17=N17+1
DO 47 1=1,18
J=1+1
T17(N17,1)=TYPE(J)
GO Tu 54
N18=418+1
J=1+1
QT18(N13,1)=TYPL(J)
GO TO 54
N19=N19+1
Do 51 1=1,5
J=1+1
QT19(I,NLY)=TYPE(J)
GO Tu 54
DO 53 J=2,9
IF(TYPE(J).E).0.)GO TO 54
NAs=NAB+1
AFBP(NAB)Y=TYPE(J)
DO 5% M=1,19
TYPE(r1)=0.
G0 To 20
IF(N.EQ.2)WRITE(6,57)(TYPE(M),M=10,19)
GO Tu 20
FORHAT(” “,10F8.3)
CONTIWUE
CALL VISD
LF(ALT.LF.36089.)PAMB=(1.6676*%(1.~ALT/145378.))**5,256
IF(ALT.GT.36089.AND.ALT.LF.A5E3)PAMB=3,.2825
1 *EXP(4.806E-5%(36089.-ALT))
IF(ALT.GT.A5E3.AND.ALT . LE.15F4)PA{B=(867.42375-1.990498E-2*ALT
1 +1.549619E-7*(ALT**2)~4.046556F~13*%(ALT**3))/144.
IF(ALT.GT.15E4)PAiiB=.0197 301
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.1.6 BLOSS Subroutine Variable Names

Variable Description Units
Al Part of energy loss coefficient --
B Bend angle DEG.
Bl Part of energy loss coefficient -
BRAT Bend Ratio -
Ccl Part of energy loss coefficient -
DIA Tube of hose I.D. IN
ECFF Energ? loss coefficient for 1 bend -
ECOEF Summation of individual energy loss -

coefficients ECFF

K Location for first bend angle to be read --
in TYPE array

KCY Counter to determine whether or not the card -
processed is the first card

L Location for last bend angle to be read in -
TYPE array

M Counter -

NCT Indicator from main program to determine which -
data to process

TYPE Temporary data storage array -~
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4,1.7 BLOSS Subroutine Listiny

SUBROUTINLE BLOSS{NCT,TYPE)
DIMENSION TYPE(1)
ECOEF=0.
KCT=0
L=9
K=7
IF(NCT.GT.1)K=10
IF(CT.GT.1)i=19
IF(TYPe(l).6Q.11.)C0 TO 1
IF(rYpPe(4) . LI.4.)TYPE(4)=TYPL(4)*1o.
DIA=TYPL(4)/16.-2.*TYPE(5)
BKAT=3.*(TYPL(4)/15.)/DIA
GO 10 2
1 DIA=TYprL(5)
SikAT=6.0
2 DO 7 I=K,L
KCTr=KCi+1
B=TYPE(I)
IF(NCT.EQ. 1. AND.KCL. EQ. L) TYPE(7)=0.
IF(B.£Q.0.)G0 TO 7
IF(B.GT.180.)0 1v 3
Al1=-3.97620E~10*B**4+2 ,84756~7*B**3-9,23298L~5*3**2
1+41.745171:-2*3
0 10 4
3 A1=1.39+(B-130.)*3.3333E-3
4 IF(BRAT.GI.30.)G0 0 5
Bl=.206982*BRAT** (-, 49421)
GO TO 6
B31=.0335411~-(BRAT-30.)*4L-4
Cl=1.
ECFF=A1*31*C1
ECOLF=LCOLF+LCFF
7 CONTINUE
TYPL({T7)=TYPL( 7 )+LCOLF
DO 8 i1=10,19
IF(aCL.Gr. 1) TYPLE()=0.
8 CONTINUL
RETURN
bl

[sX W4
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SECTION V

SYSTEM ASSEMBLY AND INITIAL CALCULATION

The system is assembled into legs from the individual elements.
Starting with a pump or Type 7 accumulator flow or pressure source, a leg
is assembled using a continuity search for the element containing the matching
junction number. As each element is located, static resistance factors
are calculated and stored. When a match is found and the element is a branch
point element, the leg is ended and a new leg is started. If an element
is a dynamic element (elements whose data are updated during the iteration
calculation) identifiers are placed in the element data array. This procedure
continues until all legs are assembled.

Figure 22 is a general flow diagram for system assembly.
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BPS and CONS
Arrays for Sorting

v

Call SDSORT
Subroutine
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Call SORTP
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v

Call BUILD
Subroutine

v

L Return j

FIGURE 22
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5.1 SYSTEM ASSEMBLY SUBROUTINES

Subroutine SDSORT takes the element type number and junction number
data from arrays AFBP, BRANCHP and CONNECT, Figures 16 , 17 and 18 and places
the data in arrays AFBPS, BPS and CONS. The AFBPS, BPS and CONS arrays are
used during the leg building process only, and the data contained therein is !
destroved as the legs are built, see Figures 23 and 24 for before and after
leg building. The data in BPS array is arranged according to ascending element
tvpe number with types 5 and 7 placed at the beginning of the array. Column
6 of BPS array contains the row location of the element in BRANCHP array.
SORTP subroutine is used to sort the data in BPS array in ascending order bv
type number except that type 5 and type 7 data are placed at the top of the
array. This minimizes the search for connecting elements during the building
process.

Subroutine BUILD performs the leg building. The first element in BPS
array is used to start the first leg if it is an element tvpe 5 or type 7.
If no element type 5 or type 7 is available, an error message is printed,
see Figure 25. A search is made for the element having a matching junction
number. When a matching element junction is found, the outlet port junction
of the new element is set as the port junction search number. TIf a branch
point element junction is in the junction match, the leg is ended and a new leg
is started. A new leg will not be started from a branch point element unless
there has already been a junction assembled from that element or the element
is a type 5 or type 7. Therefore inactive elements may be left in the data
cards when checking different system configurations, and will not bhe assembled
into the system as long as the junction numbers do not match any of the active

system element numbers.
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As each element is encountered in building a leg, static resistance
coefficients are calculated by SCONST1, SCONST2 or SCONST3 subroutine. These
resistance coefficients are summed into BLEG array, columns 8, 9, 10 and
11, see Figure 7 . SCONST1l calculates static resistance coefficients for
connecting type elements all stored in CONNECT array. SCONST2 calculates
static resistance coefficients for elements in BRANCHP array which are not
branch point e¢lements such as check valves, filters, etc. SCONST3 calculates
static resistance coefficients for all branch point elements stored in
BRANCHP array.

During assembly, branch point numbers are placed in the BRANCHP array
for all elements that are branch point elements, see Figure 26 . A (-1)
is placed in column 21 for these same elements. For elements that are
not branch point elements (Types 3, 6, 10, 31 and 33) in BRANCHP array,
the leg number in which it is assembled is placed in column 21. The
column 21 identifiers are used to indicate leg placement of calculations.

If a (-1.) or leg number is not placed in column 21, the element is inactive
and will not be called for calculation during the itetration calculation

program section.

*RXERRORA** O PJIP O TYPE 7 PRESSURE OR FLOW SOUKRCE

FIGURE 25 Error Message - No element type 5
or type 7 available
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5.1.1 SDSORT AND SORTP SUBROUTINES

SDSORT subroutines builds the AFBPS, BPS and CONS arrays which are used
for leg building. The junction numbers from AFBP are placed directly into AFBPS.
Element type and junction numbers are taken from BRANCHP and CONNECT and placed
in BPS and CONS respectively. Additionally, the data in BPS is placed in ascending
order by element type through SORTP subroutine except that types 5 and 7 are placed
at the beginning of the array. Column 6 of BPS is used to cross-reference the line
location of the element in BRANCHP array. Figure 27 presents a generalized

flow diagram of SDSORT.

Ptace Junction Numbers of AFBP
Array into AFBPS Array

{

Place Element Type and Junction
Numbers of CONNECT Array
into CONS Array

4

Place Element Type and Junction
Numbers of BRANCHP Array
into BPS Array

Sort BPS Array Elements into
Ascending Order with Types 5
and 7 at Beginning Using
SORTP Subroutine

v

Return

GP79-0981-37

FIGURE 27 SDSORT-SORTP FLOW DIAGRAM
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5.1.1.1 SDSORT AND SORTP VARIABLE NAMES

Variables Description Dimensions

AFBP Array Containing Type 13 Junction —_
Numbers

AFBPS Array Containing Type 13 Junction -~
Numbers

BPS Array Containing Dynamic Element -

Types and Junction Numbers

BRANCHP Array Containing all Data for -
Dynamic Elements

CONNECT Array Containing all Data for -
Static Elements

CONS Array Containing Static Element Types -
and Junction Numbers

DBP Variable Used for Temporary Storage -
of BPS Arrayv Variable During Sorting
Element Types

I Do Loop Counter -~

ITYPE Element Type --

J Do Loop Counter -

J1 Integer Value of Element Type Divided -
by 10

J2 Unit's Integer Value of -

Element Type

MAXT Maximum Value of Element Type Used -
in System Data

N Indicator Used for Each Dynamic -
Element for Transfer of Junction
Numbers to BPS Array from BRANCHP
Array

NBP Counter Used for Current Location -
in BPS Array

NBP1 Counter Used to Search all Locations -
beyond NBP Location in BPS Array

NBP2 Total Length of BRANCHP Array --
NC2 Total Length of Connect Array --
NPA Count of Number of Type 5 and ~--

Type 7 Elements

NPP Actual Count of Number of Elements in - X
. &

BPS M

R

5 i

4
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5.1.1.2 SDSORT and SORTP Subroutine Listings

SUBROUTINE SDSORT(AFBP,BRANCHP ,CONNECT,AFBPS ,BPS,CONS,NBP2,NC2)
c BUILD ARRAYS FOR SORTING DATA 5/23/79
DIMENSION AFBP(1),BRANCHP(1),CONNECT(1)
DIMENSION AFBPS(1),BPS(1),CONS(1)
DO 1 I=1,1000
IF(AFBP(I).EQ.0.)GO TO 2
AFBPS(I)=AFBP(1I)
2 DO 3 I=1,10000
IF(CONNECT(I).EQ.0.)GO TO 4
DO 3 J=1,3
CONS(I+(J-1)*NC2)=CONNECT(I+(J-1)*NC2)
DO 16 1=1,10000
IF(BRANCHP(I1).EQ.0.)GO TO 17
ITYPE=BRANCHP(I)
IF(ITYPE.GT.10)G0O TO 5
Go T0 (7,7,11,11,12,11,10,12,12,11),ITYPE
5 IF(ITYPE.EQ.11)GO T0 7
IF(ITYPE.EQ.12)GO TO 11
J1=ITYPE/10
J2=ITYPE-J1*10
IF(J1.GT.3)G0 TO 11
Go TO (7,6,9),J1
6 IF(ITYPE.EQ.25)G0 TO 13
GO TO 12
7 WRITE(6,8)ITYPE
8 FORMAT(”ILLEGAL ELEMENT TYPE",f14)
GO TO 16
9 IF(ITYPE.EQ.34)GO TU 13
IF(ITYPE.EQ.35)G0 TO 12
GO TO 11
10 N=5
GO TO 14
11 N=3
GO TO 14
12 N=4
GO TO 14
13 N=5
14 DO 15 J=1,N
15 BPS(I+(J~1)*NBP2)=BRANCHP(I+(J-1)*NBP2)
BPS(I+5*NBP2)=1
16 CONTINUE
17 CONTINUE
NPA=0O
DO 18 1=1,10000
IF(BPS(I).EQ.0.)GO TO 19
IF(BPS(I).EQ.7..0R.BPS(I).EQ.5.)NPA=NPA+]
18 CONTLNUE
19 IF(NPA.EQ.0)GO TO 27
NBP=0
DO 20 I=1,10000

[y

&~ oW
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5.1.1.2 (Continued)

IF(BPS(I).EQ.0.)G0 TO 21
1IF(BPS(I).NE.5.)GO TO 20
CALL SORTP(I,BPS,NBP,NBP2)

20 CONTINUE

21 DO 22 I=1,10000
IF(BPS(1).EQ.0.)GO TO 23
IF(BPS(I).NE.7.)GO TO 22
CALL SORTP(I,BPS,NBP,NBP2)

22 CONTINUE

23 MAXT=BPS(1)
NPP=0
DO 24 I=1,10000
IF(BPS(I).EQ.0.)GO TO 25
NPP=NPP+1
IF(BPS(I).GT.MAXT)MAXT=BPS(I)

24 CONTINUE

25 DO 26 J=3,MAXT
NBP1=NBP+1
DO 26 I=NBP1,NPP
IF(BPS(I).NE.J)GO TO 26
CALL SORTP(I,BPS,NBP,NBP2)

26 CONTINUE
GO TO 29

27 WRITE(6,28)

28 FORMAT(“***ERROR*** NO PUMP OR TYPE 7 PRESSURE OUR FLOW SOURCE”)
RETURN

29 CONTINUE
RETURN
END
SUBROUTINE SORTP(I,BPS,NBP,NBP2)
DIMENSION BPS(1)
NBP=NBP+1
DO 1 J=1,6
DBP=BPS(NBP+(J~1)*NBP2)
BPS(NBP+(J-1)*NBP2)=BPS(I+(J-1)*NBP2)

1 BPS(I+(J-1)*NBP2)=DBP
RETURN
END
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5.1.2 BUILD SUBROUTINE

Subroutine BUILD assembles the elements into legs, see Figure 28 for flow
diagram. An initial search is made of AFBPS and BPS to determine whether any
junction point number input into AFBPS is contained in BPS. 1If there is a
duplication, the junction number in AFBPS is set to (-1.). PQL array is built
next. Each branch point element in BPS array is assigned pressure point number(s)
in PQL by its row number. 1If the pressure point is used as a fixed pressure for
the lteration a positive pressure valve is assigned. If the pressure is calculated
during the iteration, a (-1.) is assigned, see Figure 6. AFBPS is then searched
and all remaining junction numbers (ones that have not been set to -1.) are assigned
pressure point numbers.

The first leg is started with a type 5 pump or type 7 flow, pressure or accumulator
source. To begin a leg, BEGM is set to 1. This is used as an indicator for some elements.
SCONST1, SCONST2 and SCONST3 are called for the appropriate elements to place resistance
factors in BLEG array. At the end of a leg BEGM is set to 0. This also is used as
an indicator. Leg building continues until no more ports are available. After all
element legs are assembled, internal legs are added for type 4, 8, 36, 37 and 38.

ILEP array is next built. This array contains the pressure point number
at the ¢nd of each leg. The row location in ILEP corresponds to the row in BLEG.

Figure 29 is an example of the leg assembly output data.
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Search AFBPS and BPS
to Determine if any
Branch Point Element
Junction Numbers are
in AFBPS. Set to --1

'

Build PQL Array
Set Column 1 to
Fixed Pressure or —1.

'

Add Floating Branch
Points to PQL Array

[Count Number of Pumpq

4

Print Error Message

st 15t
No Element No Element
Type 7. Type 5.
Yes
Set Port = Type 7. Set Port = Pump
Jet Press Jet
Begin Leg Begin Legs
Cali SPORT Call SPORT
i ,
Search CONS for
Port Match

Print Error Message

A

Call SCUNST1
Set Port = Element
Other Jct

Call SCONST2
Set Port = Element
Other Jct

Port
Match in BPS
Array

]

[

Search AFBPS for
Port Match

End Leg

Begin New Leg

y

Add Internal Legs

Test
1or Another
Available
Port

!

Buila ILEP Array j

FIGURE 28

SUBROUTINE BUILD FLOW DIAGRAM
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5.1.2.1

Variable

A

AFBPS

ALEN

BEGM

BJCT

BLEG

BPS

BRANCHP

BRP1

BRP2

CONNECT

CONS

DIAL

DIAO

1

IBLOC

IBRLOC

ILEP

11

I1C

KBP

BUILD Variable Names

Description

Inlet port size I
Array containing type 13 junction numbers

Total length

= begin leg

Market indciator for leg 2 = end leg

Port Number

General purpose array

Dynamic element junction storage array for sorting
Dynamic element data storage array

Branch point number at beginning of leg

Branch point number at end of leg

Static element data storage array

Static element junction storag2 array for sorting
Sum of diameter x length

Previous element diameter

Integer counter

Element row location in BPS array

Row location of element in BRANCHP array

Array of leg numbers with up and downstream
pressure points

Location of port in AFBPS array

Indicator to check outlet port to see if a type 13
had been input

Integer counters

Counter for number of branch points

81

Dimension

N or 16th IN




5.1.2.1

Variable

KP

NBP2
NC2
NL

NN

NP
NPC
NPQ

NT

N1
PM1
PM2

PORT

POL

SUM

SUMI

(Continued)

Description

Integer Counter

Integer Counter

Row number in BLEG array

Integer counter

Integer counter

Total number of legs

Integer counter

Total length of BRANCHP array

Total length of CONS array

Total length of BLEG and ILEP arrays

Indicator for storing assembly direction in
BRANCHP array

Counter for number of pumps
Port column location in CONS array
Total rows in PQL array

Column indicator for storing leg numbers in
BRANCHP array

Indicator for number of junctions in element
Junction number at beginning of leg

Junction number at end of leg

Junction number currently being irvestigated

Array containing calculated pressures, element
types and junction numbers

Summation of diameter x length

Summation of lengths

B2

Dimension

1N2

N




5.1.2.1

Variable

TI

TLEN

TLN

TLNS

TY

TYL

(Continued)

Description
Indicator for element type 7 subtype
Inlet port length
Summation of inlet and outlet port lengths
Total leg length
Element type

Row location of junction number in PQL array

83
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5.1.

1
2
3

4
5

Y

2.2 BUILD Subroutine Listing

SUBROUTINE BUILD(ILEP,CONS,BPS,AFBPS,BLEG,PQL,N3P2,NC2,NL,NPQ,
1BRANCHP ,CONNECT ,ML)

DIMENSION AFBPS(1),BPS(1),CONS(1),BLEG(1),PQL(1),ILEP(1)
DIMENSION SRANCHP(1),CONNECT(1)

NP=0

LEG=V

Vo 4 L=1,100

IF(AFBPS(L).EQ.0.)GO TO 5

DO 2 #M=1,10000

IF(BPS(:1).Eq.0.)GO TO 4

TY=8PS (M)
IF(IY.EQ.3..OK.TY.EQ.6..0R.TY.EQ.10..0R.TY.EQ.31. ..
1.0R.TY.EQ.33.)GU0 Tu 2

DO 1 N=2,5

LE(BPS (o (N-1)*NBP2) .EQ.AFBPS(L))GO Tu 3

CONTINUE

CONTINUE

GO TO 4

AFBPS(L)=-1.

CONTINUE

CONTINUE

KBP=0

DO 14 I=1,10000

IF(3PS(1).EQ.0.)GU TV 15

TY=uLPS(1)
IF(FY.EQ.3..0R.TY.EQ.6..0R.TY.EQ.10..OR.TY.EQ.31.
1.0R.TY.EQ.33.)G0 [0 L4
IF(TY.EQ.7..0R.TY.EQ.24..08.TY.EQ.25.)G0 TO 8

IF(TY.EQ.4. . OR.TY.EQ.36..02.TY.EQ.37..0R.TY.EQ.38..0R.TY.EQ.91..0

IR.TY.E.$2.)G0 TO 12

LF(TY.EQ.5..0&.TY.EQ.9. .OR.TY.EQ.9..0R.TY.EQ.35.)G0 TO 13
NL=5

*REXXBUILD PYL ARRAY***

DO 7 J=2,i1
IF(TY.EQ.3. . AND. BPS(T+(J-1)*NBP2).EQ.0.)G0 TV 14
KBP=KipP+1

PQL(KusP)=-1.

Pyl (wPQ+KsP)=1

LE(TY .EQ.5. . AlND.J.EQ. 3)PQL(KP)=3000.

IF((TY .EQ.9. . OK.TYEQ.91. .02 . TY.EQ.92.) .AND.J . EQ. 2)PQL(KBP)=50.
IF(TY.EQ.92. . ANU.J . EQ. 3. )PQL(KBP)=50.
IF(IY£Q.9. cAnD. T .EQ.4)PQL(KBP)=50.
PQL(KsP+2*NPQ)=TY
PUL(KSPH3*NPQ)=BPS( 1+ (J-1)*NP2)

Gu Tu 14

KBP=K3P+1

PYL(RBP)=-1.

PQL{NPQ+ L5P) =1

DO Y J=1,5

PQL(KBP+(J+1)*NPQ)=BPS(I+(J-1)*i12)
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5.

10

11

12

13

14
15

lo
17

18

1)

23

24

1.2.2 (Continued)

IF(TY.EQ.Z&..OR.TY.EQ.ZS.)GO I0 14
TI=BPS(I+3*JBP2)
IF(TL.EQ.1..0R.TI.EQ.4.)GO TO 19
PQL{KBP)=8PS(1+4*Nipp2)

DO 11 KP=2,4
PQL(KBP+(2+&P)*NFQ)=O.
BPS(I+KP*NBP2)=0,

GO TO 14

nl=3

Gw To 6

Nl=4

GO TO 6

CONTINUE

DO 16 1=1,100
lF(AFJPS(I).EQ.O.)GU TO 17
LF(AFBPS(I).EQ.-1.)CU O 1o
KEP=KBP+1

PQL{KBP+2*NPy)=13.
PQL(KBP)=-1.
PQL(KBP+3*NPQ)=AFLPS( 1)
CONTLNUE

CONTLNDE

DO 18 I=1,4
Ir(BPS(1).E80.5.)NP=np+]
CONTINUE

TY=8P5(1)

Sut=g.

SUil=0.

TLHS=0.

K=1

IF(TY.E¢.5.)60 10 30
IF(TY.EQ.7.)G0 Tu 32

11C=0

DU 20 I=1,10000
IF(COuS(1).EQ.0.)G0 TO 33
LE(PORT.EQ.Cuns (I+dC2) )00 Tu 21
IF(PO&T.EQ.CONS(L+2*NCZ))GO TO 26
CONTINUE

GO Tu 33

abg=2

b0 23 11=1,100
IF(AroPS(IL).£Q.0.)CU TU 25
IF(PURT.EQ.AFBPS(I1))GU Tu 24
COnlLNUE

Gu TO 25

oLEG(LEGHNL)=P0OR T

LG (LEGHI*NL)Y=50.1/sU.11
BLLO{LEGHL 2% L) =TL S

SUn=U,

sUdll=0,
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5.1.2.2 (Continued)

TLNS=0.
LEG=LEG+1
BLEG(LEG)=PURT
BEGM=1.
AFBPS(Il)=-1.
IF(I1C.EQ.1)GU TO 19
IF(TY.£EQ-3..0R.TY.EQ.6..0R.TY.EQ.10. .0¢.TY.EQ.31.
1.0R.TY.EQ.33.)G0 TO 45
25 IF(NPC.EQ.2)GO TO 27
G TO 29 N
26 NPC=3
GO TO 22
27 PORT=CONS(I+2*NC2)
28 TY=CONS(I)
CONS (I+13C2)=0.
CONS(I+2*:C2)=0.
CaLL SCONSTYI(TLN,LEG, PORT,DIAO,DIAL,ALEN, T ,NC2,TY,BLEG
INPC,NL,CONNECT ,bEGM)
SU.i=SU.i+DIAL
SUML=SU:1+ALEN
TLNS=TLWNS+TLN
Go TO 19
29 PORT=CON3(I+NC2)
GO 10 23
30 PORT=BPS(K+2*.BP2)
SPS(K+2*NBP2)=-1.
31 BEGM=1.
LEG=LEG+1
BLEG(LG)=PORT
BLEG(LEG+2*iKL)=K
IBRLOC=BPS(K+5*NEP2)
BRANCHP (IBRLOCH+10*NBP2)=LEG
BRANCHP (IBKLOC+H2U*NispP2 )=~1.
A=BRANCHP (IB8RLOC+5*NBP2)
LE(IY.EQ.7.)a=BRANCHP (I BRLOC+2*NBP2)
TLEN=.1
DIAO=5.,
CALL SPORT(TY,BEG:,LEG,A,DIAO,DIAL,TLEN,BLEG,NL)
ALEN=TLEN
SU.i=SU. I+DIAL
SU.H=SUal+ALEN
TLii=.1
TLNS=TLNS+TLN
v Tu 19
32 PORT=BPS(K+Ngr2)
BPS(K+NBP2)=~1.
GO0 TO 2N
50 TO 19
33 L0 35 I=1,10000
IF(uPS(L).EQ.0.)G0 Tu 51
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5.1

34
35

36

37

39

4y

41

+2.2 (Continued)

DO 34 J=2,5
IF(BPS(I+(J-1)*NBP2).EQ.PORT)GO TO 36

CONTINUE

CONTINUE

GO TO 51

TY=BPS(1)

IBRLOC=BPS(I+5*NBP2)
IF(TY.EQ{3..OR.TY.EQ.G..OR.TY.EQ.IO..OR.TY.EQ.Sl.
1.0R.TY.EQ.33.)G0O TO 43

BPS(I+(J-L)*NBP2)=-1.

BLEG(LEG+NL)=PORT

BLEG( LEG+4*NL)=1

BEGM=0.

CALL SCONST3(TLN,LEG,PORT,DIAO,DIAL,ALEN,J,TY,BLEG,NL,BEGM,
1BRANCHP ,N5P2, IBRLOC)

SUM=3UiHDIAL

SU:{1=SUM1+ALEN

TLRS=TLNS+TLN

BLEG(LEG+3*NL)=SUy/suril

BLEG(LEG+12*NL)=TLNS

SU=0.

Suril=0,

TLHS=0.

SRANCHP ( IBRLOC+20* NP2 )=-1.
IF(TY.EQ.9..UR.TY.EQ.24..0R.TY.EQ.25..0R.TY.£Q.91.)GO TO 37
GO TO 34

IF(TY.EQ.9. )NT=8+J

IF(TY.EQ.24.)NT=5+J

IF(TY.EQ.25. )NT=7+J

IF(TY.EQ.91.)NT=6+]

IF(TY.EQ.9. -ARD . J.EQ.4 ) BRANCHP ( IBKLOCH+1 3#*N3P2 )=-1,
IF(TY.&Q.25. )BRANCHP ( IBKLOC+H(NT+3)*NLP2 )=0.
IF(TY.EQ.25. ) SRANCHP (IBRLOCH(NT+4 )*Nisp2)=0.
BRANCHP( IBRLOCHNTANBP2 )=LEG

DO 4U K=1,10000

=0

LF(BPS(X).EQ.0.)u0 TO 53

bu 39 L=2,5

IF(BPS(&+(L=1)*NBP2) .LQ.=1.)il=ri4+1

COITINUE

DO 40 L=",5

IF(oPS(K+(L=1)*NBP2).GT.U. .AND.i4.GT.0.)G0 TO 41
CONTINUE

GV TO 53

PORT=BPS (K+(L-1)*NpP2)

BPS(K+(L=1)*BP2)=~1.

TSRLOC=0PS(K+>*NBP2)

TY=3PS(K)

LEG=LEGH)

BLEG(LEG)=PORT
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5.1.

42

43

44
45

46

47

48

49

50

51
52

2.2 (Continued)

BLEG(LEG+2*NL)=K

BEGM=1.

CALL SCONST3(TLWN,LEG,PORT,DIAO,DIAL,ALEN,L,TY,BLEG,NL,BEGM,
1BRANCHP ,NBP2, IBRLUC)

BRANCHP( IBRLOCH+20*NBP2)=-1,
IF(TY.EQ.Y..0R.TY.EQ.24..0R.TY.EQ.25..0R.TY.EQ.91.)GO TO 42
GO Tu 19

IF(IY LEQ.9 . )NT=6+4L

IF(TY.EQ.24.)NT=5+L

1F(TY.EQ.25.)NT=7+L

IF(TY.EQ-91.)NT=6+L
IF(TY.EQ.9..AND.L.EQ.4)BRANCHP( IBRLOC+13*NsP2)=1.
BRANCHP ( IBRLOCHNT*NBP2 )=LEG

IF(TY.EQ.24.)BRANCHP (IBRLOCH+(NT+3)*NBP2)=1.
IF(TY.EQ.25.)BRANCHP (IBRLOC+{NT+4)*NBP2)=1.

GO TO 19

NPC=J

DO 44 11=1,100

IF(AFBPS(I1).EQ.0.)G0 Tu 45
IF(PORT.EQ.AFBPS(I1))GO TO 24

CONTLWUE

BPS(I+(J-1)*NspP2)=-2.

BRANCIHP( IBRLOC+20*NBP2)=LEG

CALL SCONST2(TLN,LEG,PORT,DIAC,DIAL,ALEN, IBRLOC,NBP2,TY,
1BLEG, NL,BRAJICHP,J)

SUI=SUM+DIAL

SU11=SUMI+ALEN

TLLS=TLNS+TLN

IF(TY.EQ.10.)GO Tu 46

IF(TY.EQ.6.)NnN=12

IF(IY.EQ.3..0R.TY.EQ.33.)NN=6

IF(TY.EQ.31.)Nn=10

BRANCHP ( IBRLOCHIN*NBP2)=1.

IF (J.EQ.3)BRANCHP( I BRLOCH+NI*NBP2)=2.

IF(J.GIL.3)60 TO 47

oV TO (47,47,48),J

PUKT=5PS(I+J*NBP2)

BPS(I+J*NBPZ)=-2,

GO Tu 49

PORT=BPS(I+NBP2)

BPS( I+NBP2)~=2.

I1C=1

NPC=J

DO 50 Il=1,100

IF(AF3PS(IL).EQ.0.)G0 TO 19
IF(PORT.EQ.AFBPS(I1))GO TO 24

CONTINUE

GO Tu 19

WRITE(6,52)PORT

FORMAT(” ERROR=-==-CANNOT FIND AATCH FOR PORT ,F8.3)
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5.1.2.2 (Continued)

RETURN

53 DO 55 K=1,10000

54

35
56

57

58

59

60

IF(BPS(K).EQ.0.)GO TO 56
TY=BPS(K)

IF(BPS(K).EQ.7.)GO TO 54
IF(BPS(K).NE.5.)G0 TO 55

LF (BPS(K+2*NBP2) .EQ.-1.)GO TO 55
Go TO 30
IF(BPS(K+NBP2).EQ.~1.)GO TO 55
GO To 32

CONTINUE

DO 61 I=1,10000

TY=BRANCHP(1)

IF(TY.EQ.0.)GO TO 62

IF(TY.EQ.4. .OR.TY.EQ.8..OR.TY.EQ.34. .OR.TY.EQ.35. .OR.TY.EQ.36. .OR

1.TY.EQ.37..0R.TY.EQ.38.)G0 TO 57

GO TO 61

LEG=LEG+1

BLEG(LEG)=BRANCHP ( I+NBP2)

BLEG(LEG+NL)=BRANCHP ( I+2*NBP2)

DO 58 J=1,NPQ

LF (PQL(J+2*NPQ) .EQ.0.)GO TO 60

IF(BLEG( LEG) . EQ. PQL(J+3*NPQ) . AND. BLEG(LEG+NL) .EQ. PQL(J+143%NPQ))

160 TO 59

CONTINUE

****BULILD INTERNAL LEGS*#*#
GO TO 60
TYL=PQL(J+NPQ)
BLEG(LEG+2#*NL)=TYL
BLEG(LEG+4#*NL)=TYL
BRANCHP ( I+15%*NBP2 )=LEG
IF(TY.EQ.4..0R.TY.EQ.36. .OR.TY.EQ.37..0R.TY.EQ.38.)GO TO 61
IF(TY.EQ.8 . .AND .BRANCHP ( I+3*N8P2).EQ.0.)GO TO 61
LEG=LEG+1

BLEG(LEG)=BRANCHP( 1+NBP2)
BLEG( LEG+NL)=BRANCHP( I+3*NBEP2)
BLEG(LEG+2#NL)=TYL
BLEG(LEG+4#*NL)=TYL

BRANCHP( I+16*NBP2 )=LEG
1F(TY.EQ.8.)G0O TO 61

LEG=LEG+1

BLEG( LEG)=BRANCHP ( 1+3*NBP2)
BLEG(LEG+NL)=BRANCHP( I+2*NBP2)
BLEG (LEG+2#NL)=TYL
BLEG(LEG+4*NL)=TYL
BRANCHP( [+17*NBP2 ) =LEG
IF(TY.EQ.35.)G0 TO 61
LEG=LEG+1
BLEG( LEG ) =BRANCHP( 14NBP2)
BLEG(LEG+NL)=BRANCHP ( I+4*NBP2)
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5.1.2.2 (Continued)

od
65
60

67
68
69

BLEG(LEG#+2*NL)=TYL
BLEG(LEG+4*NL)=TYL
BRANCHP( I+18*NBP2 )=sLEG
LEG=LEG+1
BLEG(LEG)=BRANCHP ( I+4*NBP2)
BLEG( LEG+NL)=BRANCHP( I+2*NBP2)
BLEG(LEG+2*NL)=TYL
BLEG(LEG+4*NL)=TYL
BRANCHP( I+19*NBP2 )=LEG
CONTINUE
CONTINUE
**x**BUILD ILEP ARRAY*#*
DO 65 I=1,10000
IF(BLEG(1).EQ.0.)GO TO 66
PM1=BLEG(1)
PM2=BLEG( I+NL)
BRP1=BLEG( I+2*NL)
BRP2=BLEG( I+4*NL)
DO 64 J=1,10000
IF(PQL(J+2*NPQ) .EQ.0.)GO TO 65
DO 63 LL=3,6
IF(PML.EQ.PQL(J+NPQ*LL).AND.BRP1.EQ.PQL(J+NPQ) ) ILEP(1)=J
ML=1
IF(PM2 .EQ.PQL(J+NPQALL) .AND. BRP2 . EQ. PQL( J+NPQ) ) ILEP ( I4+NL)=J
CONT LNUE
LF(PML.EQ PQL(J+NPQ*3).AND.PQL(J+2*NPQ).EQ.13.) ILEP(I)=J
IF(PM2.EQ. PQL(J+NPQ*3) . AND.PQL(J+2*NPQ) .EQ.13. ) ILEP( I+NL)=J
CONT INUE
CONTINUE
CONTINUE
DO 63 I=1,10000
TY=PQL( I+2*NPQ)
IF(TY.EQ.0.)s0 TO 69
IBLOC=PQL( I+NPQ)
PQL(I+NPQ)=0.
IF(TY.£Q.13..0R.TY.EQ.24..0R.TY.EQ.25.)GO TO 68
BJCT=PQL( I+3*NPQ)
IBRLOC=BPS( IBLOC+5*NBP2)
N=2
IF(TY.EQ.7.)N=1
IF(TY.EQ.34.)N=4
IF(TY.EQ.5..0R.TY.EQ.8. .OR.TY.EQ.9. .OR.TY.EQ.35. )N=3
DO 67 J=1,N

IF(BJCT.EQ. BRANCHP( IBRLOC+J*NBP2 ) ) BRANCHP( IBRLOC+(J+N)*NBP2)=1

CONTINUE
CONTINUE
CONTINUE
RETURN
ENL
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5.1.3 SCONST), SCONST2 and SCONST3 Subroutines

Subroutines SCONST1, SCONST2 and SCONST3 are used to calculate static resistance
coefficients for individual elements. SCONST! is used for element types 1, 2, 11,
12, 21, 22, 23 and 32 which are all contained in CONS and CONNECT arrays,

SCONST2 calculates the resistance coefficients for element types 3, 6, 10, 31
and 33. These elements are in BRANCHP and BPS array but are not branch point
elements. SCONST3 calculates resistance coefficients for the remaining elements
which are all branch point elements in BRANCHP and BPS arrays.

SCONST1 starts by routing the program flow to the proper calculation for
the element type. The frictional resistance for the length of the element is
calculated for each element. 1f there is a change in flow direction within the
element, an energy loss coefficient (DPEl) is assigned or calculated. An equivalent
orifice diameter is calculated for the type 32 restrictors and placed in BLEG
array. The type 12 heat exchanger calculation determines the resistance coefficient
for laminar and turbulent flow and places these in the appropriate BLEG columms.

A change in port size from inlet to outlet with a change in passage size such as
the reducer fitting energy loss is calculated in SPORT subroutine.

SCONST2 calculates the static resistance coefficients for the element type
designated above, using the inlet and outlet passage lengths. The calculation
is made through subroutine SPORT.

SCONST3 is similar to SCONST2 in that it calculates static resistance for

the length of the port passage. Leg number data is also placed in BRANCHP array.
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5.1.3.1

Variable

A
ALEN

ALT

BEGM

RLEG
Bl
CcD

CD1

CKL

CKT

CONNECT
C2
c3

DENS

DEQ

DIA

DIAL

DIAL]

DTAL2

BIAO
Dp

DPE

SCONST1 Variable Names

Description
Inlet port size
Total length
Altitude
Outlet port size

Marker indicator for leg 2 : iigl?e;eg

General prupose array
Port size
Orifice discharge coefficient
Orifice discharge coefficient
Laminar flow coefficient
Turbulenc flow coefficient
Static element data storage array
Rated pressure drop
Rated flow
Fluid weight densitv at atmospheric pressure
Equivalent orifice diameter
Port diameter
Sum of diameter x length
Diameter x length inlet
’
Diameter x length outlet
Previous element diameter
Rated pressure drop

Equivalent pressure drop

92

Dimension

IN or 16th IN
IN
FT

IN or lé6th IN

IN or 16th IN

PSI
GPM

LB/ FT3

IN®
N
PSI

PS1




5.1.3.1 (Continued)

Variable Description Dimension
DPE1 Resistance Coefficient -

DPL Laminar pressure drop PSI

DPT Turbulent pressure drop PSI

D1 Previous equivalent orifice diameter IN
D100 Weight density at 100°F LB/FT3
FLUIDF Viscosity-pressure correction factor at 100°F -
FLUIDK Viscosity-pressure correction factor at fluid -—

- temperature

I Integer counter -~

LEG Row number in BLEG array --

NC2 Total rows in CONNECT array --

NL Total length of BLEG and ILEP arrays -

NPC Port indicator -

oD Tube outside diameter IN
ORFD Orifice diameter IN
PAMB Atmospheric ambient pressure PSI
PORT Junction number cufréﬁfi;_ﬁeing.igvestigated -

Q Rated flow GPM
TEMP Fluid temperature °F
TLEN Inlet port length IN
TLEN1 Outlet port length IN .
TLN Summation of inlet and outlet port lengths IN .
Ty Element type - _?

\' Rated viscosity CENTISTOKES ,
VISC Fluid viscosity at atmospheric pressure CENTISTOKES
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5.1.3.1

Variable

A

ALEN

ALT

B

BLEG

BRANCHP

DENS

DIAL

DIALl

DIAL2

DIAD

D100

FLUIDF

FLUIDK

IBRLOC

J

LEG

NBP2

NL

PAMB

PORT

TEMP

- TLEN

(Continued) -~  SCONST2 Variable Names

Description

Inlet port size

Total length

Altitude

Outlet port size

General purpose array

Dynamic element data storage array

Fluid weight density at atmospheric pressure
Sum of diameter x length

Diameter x length inlet

Diameter x length outlet

Previous element diameter

Weight density at 100°F

Viscosity-pressure correction factor at 100°F

Viscosity-pressure correction factor at fluid
temperature

Row location of element in BRANCHP array
Indicator for inlet (2) or outlet (3) port
Row number in BLEG array

Total length of BRONCHP array

Total length of BLEG and ILEP arrays
Atmospheric ambient pressure

Junction number currently being investigated
Fluid temperature

Inlet port length
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Dimension

IN or

IN or

p

16th IN

IN

FT

16th 1IN

°F

IN




5.1.3.1

Variable

TLEN1
TLN
Ty

VISC

V100

(Continued)

Description
Outlet port length
Summation of inlet and outlet port lengths
Element type
Fluid viscosity at atmospheric pressure

Fluid viscosity at 100°F
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Dimension
IN

IN

CENTISTOKES

CENTISTOKES




5.1.3.1

Variable

A

ALEN

ALT

DIAL

DIAL1L

DIAL2

DIAO

D100

FLUIDF

FKYUDJ

IBRLOC

LEG

NBP2

Nl

N2

PAMB

(Continued) - SCONST3 Variable Names

Descrintion
Inlet port size
Total length
Altitude

Qutlet port size

= begin leg

Marker indicator for leg end leg

0
1

General purpose array

Dvnamic element data storage arrayv

Fluid weight density at atmospheric pressure
Sum of diameter x length

Diameter x length inlet

Diameter x length outlet

Previous element diameter

Weight density at 100°F

Viscositv-pressure correction factor at 100°F

Viscosity~-pressure correction factor at fluid
temperature

Row location of element in BRANCHP arrav
Indicator for inlet (2) or outlet (3) port
Row number in BLEG array

Total length of BRANCHP array

Total length of BLEG and ILEP arravs

Dimension

IN or i6th IN
IN
FT

IN or lé6th IN

Assembly indicator to indicate which port first --

assembled
Inlet (3) and outlet (4) port indicator

Atmospheric ambient pressure
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5.1.3.1

Variable

PORT
TEMP
TLEN

TLEN1
TLN
Ty
VISC

V100

(Continued)

Description

Junction number currently being investigated
Fluid temperature

Inlet port length

Outlet'port length

Summation of inlet and outlet port lengths
Element type

Fluid viscosity at atmospheric pressure

Fluid viscosity at 100°F
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Dimension

°F
IN
IN

IN

CENTISTOKES

CENTISTOKES
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5.1.3.2 SCONST1 , SCONST2 and SCONST3 Subroutine Listing

SUBROUTINE SCONST1(TLN,LEG,PORT,DIAO,DIAL ,ALEN,I,NC2,TY,8LEG,NEC
1 ,NL,CONNECT ,BEGM)
RESISTANCE CONSTANTS FOR TUBE REV 9/20/7Y
DIMENSION BLEG(1l),CONNECT(1)
COMMON /BLK1/TEMP,VISC,DENS,D100,PAMB ALT,FLULDF, FLUIDK,V100
IF(TY.EQ.21.)GO TO 2
IF(TY.EQ.22.)GO TO 6
IF(TY.EQ.2..0R.TY.EQ.23..0R.TY.EQ.32..0R.TY.EQ.12.)G0O TO 7
IF(TY.EQ.11.)GO0 TO &
OD=CONNECT( I+3*NC2)
IF(OD.GE.4.)0D=0D/16.
DIA=OD-(2.*CONNECT( I+4%*NC2))
TLEN=CONNECT (I+5%NC2)
A=DIA
CALL SPORT(TY,BEGM,LEG,A,DIAO,DIAL,TLEN,BLEG,NL)
ALEN=TLEN
TLN=TLEN
DPE1=CONNECT( I+6*NC2)
GO TO 5
RESISTANCE CONSTANTS FOR 45 DEG ELBOW REV 9/20/79
DPEl=.2179
A=CONNECT(I+3%NC2)
B=CONNECT( I+4*NC2)
IF(NPC.EQ.2)GO TO 4
Bl=aA
A=j
B=81
TLEN=3.%A
CALL SPORT(TY,BEGM,LEG,A,DIAO DIALL,TLEN,BLEG,NL)
TLENL1=3.%B
CALL SPORT(TY,BEGM,LEG,B,DIAO,DIAL2,TLENL,BLEG,NL)
TLN=3.%A+3.%3
ALEN=TLEN+TLEN1
DIAL=DIAL1+DIAL2
DPE=DPEL*((1.799E-5%D100)/ (A**4))
BLEG(LEG+10*NL)=8LEG( LEG+10*NL)+DPE
IF(TY.EQ-32.)G0 TO 9
IF(ITY.EQ.12.)G0 TO 12
RETURN
RESISTANCE CONSTANTS FOR 90 DEG ELBOW REV 9/20/79
DPEl=}.2
GO TO 3
RESISTANCE CONSTANTS FOR REDUCER FTG & UNION REV 9/20/79
DPE1l=0.
GO TO 3
RESISTANCE CONSTANTS FOR HOSE REV 9/20/79
A=CONNECT (I44*NC2)
TLEN=CONNECT( [+5*%NC2)
GO To 1
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5.1.3.2 (Continued)

9

10

11

12

RESISTANCE CONSTANTS FOR 2 WAY RESTRICTOR REV 9/20/79
ORFD=CONNECT (I45%NC?2)
CD1=CONNECT( I+6*NC2)
1¥ (ORFD .EQ.0. )ORFD=.00001
LF(ORFD.GT..9)G0 TO 11
Cu=CLL/((1.=(ORFD/CONNECT (L+3%NC2))**4)k* 5)
DPE=D100/( (236 . *(ORFD**2)*CD)**2)
BLEG(LEG+10%*NL)=BLEG(LEG+10%NL)+4DPE
D1=BLEG{ LEG+6*NL)
DEQ=ORFD
IF(D1.GT.0.)DEQ=( (DL**4*ORFD**4) / ( D1AR4+0RFDR*4) ) k& 25
BLEG(LEG+6*NL)=DEQ
RETURN
C2=CONNECT( I+5*NC2)
C3=CONNECT( I+6*NC2)
ORFD=(C3/(236.%.6*((C2/D100)**.5)))** 5
CD=.6
GO TO 10
RESISTANCE CONSTANTS FOR HEAT EXCH REV  9/20/79
DP=CONNECT (I+5*NC2)
Q=CONNECT( I+6*NC2)
V=CONNECT (I+7%NC2)
CKL=DP/Q
CKT=DP/(Q**1.75)
DPL=CKL*(V100/V)
DPT=CKT*((V100/V)**_.25)
BLEG(LEG+8*NL)=BLEG(LEG+8*NL)+DPL
BLEG(LEG+9*NL )=8LEG(LEG+9*NL)+DPT
RETURN
END
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5.1.3.2 (Continued) (SCONST2)

SUBRUUTINE SCONST2(TLN,LEG, PORT,DIAO, DIAL,ALEN, IBRLOC,NBPZ,TY,
ABLEG, NL, BRANCHP, J )}

DIiiENSION BRANCHP(1) ,BLEG(1)

COMMON /BLK1/TEMP,VISC, DENS, D100, PAMB,ALT, FLUIDF ,FLUIDK, V100

N2=4

IF(J.EQ.2)N2=3

IF(TY.£Q.10.)GO TO 2

N1=6

IP(LY.EQ.31.)N1=10.

BRANCHP( IBRLOC+N1*NBP2)=1.

IF(J.EQ.3)BRANCHP (IBRLOC+N1*NBP2)=2.

A=BRANCHP( IBRLOC+3*NBP2)

B3=BRANCHP( IBRLOC+4*NBP2)

TLEN=3.*A

TLEN1=3.*B

CALL sSPURI(TY,BEGM,LEG,A,DIAO,DIALL,TLEN,BLEG,NL)

BRANCHP{ IBRLOC+3*NBP2)=A

CALL SPORT(IY,stGH,LEG,3,DIAQ,DIALZ, TLeN,3LEG,NL)

BKANCHP( IBRLOC+4*NBr2 ) =B

DIAO=8RANCHP ( IBRLUC+N2*NsP2 )

TLi=3.*A+3.*B

ALEw=1LEN+TLEN]

DIAL=DIAL1+DIALZ2

RELURN

LD
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5.1.3.2 (Continued) (SCONST3)

SUBROUTINE SCONST3(TLN,LEG,PORT,DIAO,DIAL,ALEN,J,TY,BLEG,NL,BEGM,
1BRANCHP ,NBP2, IBRLOC)
DIMENSION BLEG(1),BRANCHP(1)
COMMON /BLK1/TEMP,VISC,DENS,D100,PAMB,ALT,FLUIDF ,FLUIDK,V100
IF(TY.EQ.7.)GO TO 1
IF(TY.EQ.24..0R.TY.EQ.5..0R.TY.EQ.8..0R.TY.EQ.9..0R.TY.EQ.35.)GO T
10 3
IF(TY.EQ.25..0R.TY.EQ.34..0R.TY.EQ.36.)GO TO 4
IF(TY.EQ.4..0OR.TY.EQ.37..0R.TY.EQ.38..0R.TY.EQ.91. .OR.TY.EQ.92.)GO
1 T05
1 A=BRANCHP(IBRLOC+2*NBP2)
2 TLEN=3.%*A
CALL SPORT(TY,BEGM,LEG,A,DIAO,DIAL1,TLEN,BLEG,NL)
IF(TY.EQ.24.)BRANCHP( IBRLOC+(J+2)*NBP2)=A
IF(TY.EQ.25.)BRANCHP( IBRLOC+(J+3)*NBP2)=A
ALEN=TLEN
TLN=3, %A
DIAL=DIAL1
IF(TY.EQ.4..0R.TY.EQ.5..0OR.TY.EQ.7..0R.TY.EQ.8..0R.TY.EQ.9.
‘ 1.0R.TY.EQ.91..0R.TY.EQ.92.)GO TO 6
RETURN
3 A=BRANCHP (IBRLOC+(J+2)*NBP2)
IF(TY.EQ.5..AND.J.EQ.3)BRANCHP ( IBRLOC+16*NBP2 )=LEG
GO TO 2
4 A=BRANCHP( IBRLOC+(J+3)*NBP2)
GO TO 2
5 A=BRANCHP ( IBRLOC+(J+1)*NBP2)
GO TO 2
6 IF(BEGM.EQ.O.)RETURN
TLEN1=.0001
B=3.95
CALL SPORT(TY,BEGM,LEG,B,DIAO,DIAL2,TLEN,BLEG,NL)
ALEN=TLEN+TLEN1
DIAL=DIAL1+DIAL2
RETURN
7 CONTINUE
RETURN
END
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5.1.4 SPORT Subroutine

SPORT is called through the SCONST1, SCONST2 and SCONST3 subroutines
for the primary purpose of calculating the static fluid resistance coefficient
for line and hose lengths, fitting and port lengths and changes in cross-
section. Values of resistance are summed directly into BLEG array. Figure
30 shows the general flow chart for the subroutine.

5.1.4.1 Description of Operation

Subroutine SPORT performs three tasks:

1) Converts port sizes to internal diameters if data is input using

size option.

2) Calculates static resistance coefficients using Functions SFRICL,

SFRICT, SKBS and SKSB.

3) Returns Diameter times Length term to BUILD subroutine for use

in calculating the average diameter of the leg.

First, a test is made to determine if the port size convention used
is the actual inside diameter or the equivalent tube size. If the input
size value is greater than zero and less than 3.999, the actual input value
for size is used. Input equivalent tube port sizes of 4.0 and greater mav
be used.

Calculation of the laminar and turbulent frictional coefficients are
made through SFRICL and SFRICT functions respectively. Next, the local
energy loss is calculated with either SKBS or SKSB function. The laminar
frictional coefficient is summed into column 9 of BLEG array. The turbulent
frictional coefficient is summed into column 10 and the local enerpgv loss

is summed into column 11.
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SUBROUTINE SPORT

LEG - LEG NUMBER

A - ELEMENT INTERNAL DIAMETER
OR EQUIVALENT TUBE SIZE

DIAQ - PREVIOUS ELEMENT DIAMETER

DIAL - ELEMENT DIAMETER X ELEMENT
LENGTH

TLEN - ELEMENT LENGTH

NK - ELEMENT TYPE IDENTIFIER
FOR ERROR RETURN

TEST A FOR INTERNAL DIAMETER
OR EQUIVALENT TUBE SIZE

A NO AISCONVERTED TO
LT 3.999 MS PORT SIZE

YES

t

l DIA=A

CALCULATE LAMINAR RESISTANCE FUNCTION
SFRICL FOR DPCKL AND SUM INTO BLEG ARRAY

WEG (LEG + 8 + NL) = DPCKL + BLEG (LEG + 8 » NL)

CALCULATE TURBULENT RESISTANCE FUNCTION
SFRICT FOR DPCKT AND SUM INTO BLEG ARRAY

|

[ BLEG (LEG+ 9« NL) =DPCKT +BLEG (LEG+9 + NL)

|

COMPARE ELEMENT DIAMETER WITH
PREVIOUS ELEMENT DIAMETER FOR LOCAL
ENERGY LOSS COEFFICIENT CALCULATION

GP03-043714
FIGURE 30
SPORT SUBROUTINE GENERAL FLOW CHART
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(s

DIAO

NO
GT
DIA
YES
CALCULATE LOCAL ENERGY LOSS COEFFICIENT CALCULATE LOCAL ENERGY LOSS COEFFICIENT

OPSK USING FUNCTION SKSB

DPSK USING FUNCTION SKBS

]

L SUM COEFFICIENT INTO BLEG ARRAY ]

T
@G(LEG +10« NL) = DPSK + BLEG (LEG + m.m[
L

CALCULATE DIAMETER X LENGTH
DtAL = TLEN*OIA

[

SET ELEMENT DIAMETER EQUAL
TO DIAO FOR USE IN CALCULATING

NEXT ELEMENT

L reruw |

RETURN

FIGURE 30 (Continued)
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A calculation of diameter times length (DIAL) is next made and the old

diameter (DIAO) is then set to the current element diameter for use in

calculating the next element local energy loss coefficient.

i
105

o




5.1.4.2 SPORT Variable Names

Variable Description Dimension
A Inlet port size IN or 16th IN
AA Inlet port size IN
AB femporary inlet port size IN or 16th IN
ALT Altitude FT
BEGM Marker Indicator for Leg ? : Zigi;eQEg -
BLEG General purpose array -
DENS Fluid weight density at atmospheric pressure LB/FT3
DIA Port diameter IN
DIAL Sum of diameter x length IN2
DIAO Previous element diameter IN
DPCKL Laminaf pressure drop coefficient --
DPCKT Turbulent pressure drop coefficient -~
DPSK Pressure drop coefficient due to change --

in section size
D100 Weight density at 100°F LB/FT3
FLUIDF Viscosity-pressure cocrrection factor at 100°F -
FLUIDK Viscosity-pressure correction factor at fluid -

temperature
LEG Row number in BLEG array -
NL Total length of BLEG and ILEP arrays -
PAMB Atmospheric ambient pressure PSI
SZ Inlet port size IN
SZ1 Intermediate calculation of port size -
Sz2 Intermediate calculation of port size -
TEMP Fluid temperature °F
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5.1.4.2 (Continued)

Variables

TLEN

TY

VISC

V100

Description

Inlet port length
Element type
Fluid viscosity at atmospheric pressure

Fluid viscosity at 100°F
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5.1.4.3 SPORT Subroutine Listing

1

2

3

4

5

~4

SUBROUTINE SPORT(TY,BEGM,LEG,A,DIAO,DIAL,TLEN,BLEG,NL)
COMMON /BLK1/TEMP,VISC,DENS,DL00, PAMB,ALT,FLUIDF,FLUIDK,V100
DIMENSION BLEG(1l)

IF(A.LT.3.999)G0 TO 4

S4=0.

$421=0.

SZ2=0.

IF(A.LT.7.)G0O TO 3

IF(A.LT.13.)G0 To 1

AB=A

IF(A.GT.32.)AB=32.

SZ2=(Ap-12.)*.004

LF(AB.GT.20.)S22=822~.001

IF(A3.GT.16.)822=522-.001

AA=10.

GO TO 2

AA=A

IF(A.EQ.11..0R.A.EQ.12.)AA=10.

$Z1=(AA-6.)*.015

IF(AA.GT.7.)SZ1=5Z1-.001

SZ=(A/16.)=(.078+SZ14522)

TLEN=(TLEN/A)*SZ

A=SZ

DLA=A

IF (BEGM.EQ.0.)GO TO 5
IF(IY.EQ.4..0R.TY.EQ.5..0R.TY.EQ.7..OR.TY.EQ.B..OR.TY.EQ.9.
1.0R.TY.EQ.91..0R.TY.EQ.92.)DIAO=S.

1¥(IY.EQ.24..0R.TY.E}.25..0R.TY.EQ.34..0R.TY.EQ.35..0R.TY.EQ.36.

1.0:.TY.EQ.37..0R.TY.EQ.38.)DIAO=A
DPCKL=SFRICL(V100,TLEN,D100,DIA)
BLEG(LEG+3*NL)=DPCKL+BLEG (LEG+B*NL)
DPCKT=SFRICT(V100,TLEN,D100 ,DIA)
BLEG( LEG+9*NL)=DPCKT+3LEG( LEG+9*NL)
LF(DIAV.LE.U.)GO TO 6
LF(DIAO.GT.DIA)GL TO 7
DPSK=SKSB(DIAO,DIA,D1O0)

GO IV 3

DPS5K=0.

GU Tu 8

DPSK=SKBS(DIAV,DIA,DLV0)

CONT LNUE

BLEG( LEG+10*NL)=DPSK+BLEG(LEG+10%*NL)
DIAL=TLEN*DIA

DIAO=DIA

A=DIA

RETURS

END
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5.2 CALCULATION OF STATIC FLUID RESISTANCE COEFFICIENTS

Two types of fluid losses are cornsidered in SSFAN. These are static
fluid resistance losses and dynamic losses. Dynamic lousses are those for
which the resistance factor is calculated during the solution procedure
because the resistance equation used is dependent on flow magnitude flow
direction or pressure drop. Dynamic losses are discussed in section 6.

The fluid losses in the course of the motion of a fluid are due to the
irreversible transformation of mechanical energy into heat. This energy
transformation is due to the molecular and turbulent viscosity of the moving
medium.

There exist two different types of static fluid losses: 1) the
frictional losses; AEfr and 2) the local energy losses AP1

The frictional losses are due to the viscosity (molecular and turbulent)
of the fluids, which manifests itself during their motion and is a result of
the exchange of momentum between molecules at laminar flow and between
individual particles of adjacent fluid layers moving at different velocities,
at turbulent flow. These losses take place along the entire length of
the pipe.

The local energy lusses appear at a disturbance of the normal flow
of the stream, such as its separation from the wall and the formation of
eddies at places of alteration of the pipe configuration where a tube
and a fitting join and at obstacles in the pipe. The losses of dynanmic
pressure occurring with the discharge of the stream from a pipe into a
large volume such as a reservoir must also be classed as local energy losses.

The phencmenon of flow separation and eddy formation is linked with the

difference between the flow velocities in the cross section, and with a positive
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pressure gradient along the stream, which appears when the motion is slowed
down in an expanding channel, in accordance with Bernoulli's equation.
The difference between the velocities in the cross section at a negative
pressure gradient does not lead to flow separation. The flow in
smoothly converging stretches is even more stable than in stretches of
constant section.

Static fluid resistance coefficients are calculated for all elements
through the SCONST1l, SCONST2 and SCONST3 subroutines.

These subroutines utilize the functions SFRICL, SFRICT, SKBS and

SKSB through SPORT subroutine.
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5.2.1 Static Resistance Functions

There are four static resistance functions. Function SFRICL calculates
a normalized pressure loss or resistance coefficient for laminar flow due
to the length of the element. Function SFRICT calculates the turbulent
coefficient for the same element.

Function SKSB calculates the normalized local energy loss coefficient for
flow from a small diameter element to a larger diameter element. Function
SKBS calculates the normalized local energy loss coefficient for flow from
a large diameter element to a smaller diameter element.

5.2.1.1 Description of Function Usage

The SFRICL, SFRICT, SKSB and SKBS functions generally are called from
SPORT subroutine. SFRICL and SFRIC utilize values for atmospheric viscosity
and density at\100°F, along with the passage diameter and the passage length.
The laminar and turbulent reference pressure drops or static resistance
coefficients are calculated for a flow of one gpm and passed back to the

calling subroutines

SKSB and SKBS require the diameter of the previous assembled element
for calculaticn of the local energy loss. The atmospheric fluid density at
100°F is required, but not viscosity since the local energy loss is independent
of viscosity. These local resistance energy losses are referenced to one gpm

flow.
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5.2.1.2 Assumptions

The piping system is assumed to be circular and flow one~-dimensional

for the fluid resistance calculations. Local energy losses are assumed

to occur at all connecting elements where there is a difference between

the passage diameters of the two elements.

5.2.1.3 Computations

Frictiona: Losses — The Darcy equation for head loss in circular pipes

may be derived by dimensional analysis or similitude and may be written

in the form of:

2
hy, = £ % !g (L)

where: hL - head loss in feet

f - friction factor

L - 1length of passage in feet

D - internal passage diameter in feet

V - fluid velocity ir feet/second

g - acceleration of gravity - 32.2 feet per second per second

Using appropriate d

rewritten (Referenc

imensional conversion factors, this equation may be
e 3) as:
5

- 1 Q
= = pPx__
AP = 1.799 x 10 f ] 12 (2)

pressure drop psi

friction factor

length of passage in inches

internal passage diameter in inches

weight density of the fluid in pounds per cubic feet

flow rate in gallons per minute
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Reynolds Number (Re) is a dimensionless ratio of the fluid inertia forces

to the viscous forces where: -
Re = pMVd = Vd
v
u
u - absolute viscosity
v - kinematic viscosity
p., — mass density
M
d - internal diameter
V - fluid velocity

The friction factors in SSFAN are defined as a function of Reynolds
Number for laminar, transition and turbulent flows; therefore Reynolds Number

is most conveniently -defined in terms with

Q - gpm
\ v - centipoise
i
. d - 1inches
)
; With Re = Vd (3)
| \Y)
)
| V - in per second
b
| d - in
k . 2
| v - in"~ per second

| Conversion to Q in terms of V is as follows:
|

~

ISR
-
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Q= 60 T ,2
X 54 v
or V= 231 4 . Q
60 * 7 *72
a
V= 4.902 %)
&

The conversion of kinematic viscosity from in2/sec to centistokes is

3

1 (centistoke) = 1.55 x 10 (in2/sec) (5)

or 1 (inz/sec) = 645 (centistokes)

Substituting equations (4) and (5) into (3) yields

Re = 3161.77 Q (6)
dv
with Q - gpm
d - in

v - centistokes

The above equations are used in deriving the function equations.

Function SFRICL

SFRICL is a normalized equation for calculating the laminar frictional
pressure drop for a given passage length of constant cross-section. Using
a friction factor for laminar flow (Reference 5) of

f = 64
Re
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and substituting equation (6) for Re in the friction factor term above,

f = 2.024 -2 e
= . x 10 X od

Substituting equation (7) into equation (2) yields

-7 1 eQ  dv
AP 3.64 x 10 "x FRAFTE Q

or AP = 3.64 x 10"k 0Q vl
d

To normalize the above equation for flow, viscosity and density, flow is

(7)

(8)

given a value of 1 gpm, viscosity is referenced to a viscosity at atmospheric

pressure and 100°F and density is referenced to density at atmospheric pressure

and 100°F, see Figure 31.

1
|‘_(length) _‘I
Q —_— ! J!} P100 Y 100
(1 gpm)

d(dia)

Laminar Flow Resistance

FIGURE 31
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The laminar resistance coefficient or normalized laminar pressure drop
may now be defined as Ky where the 9 indicates the column location of the

laminar resistance coefficients in BLEG array.

Equation (8) is now written in terms of the above reference viscosity,

density, and flow to be

SFRICL = Kg = &Py, pppy = 3.64 x 1o’x7 °100 ¥ 100! ¥ 1 (9)
d’

0100 ~ weight density in 1lb/per cubic feet at atmospheric pressure
and 100°F

vipo " Akinematic viscosity in centistokes at atmospheric -pressure
and 100°F

1 - length of passage in inches

d - 1internal passage diameter in inches

The individual element K9 values are sumred for each leg since series

resistances are additive, see Figure 32.

K9(U) K9(T1) K9(45 EL) 45° Elbow
[ [
J Tube 2
Union ube 1t K9(T2)

K9 (LEG) = ZK9
Elements

K9 (LEG) = Kg(U) + K9(T1) + Kg(bS EL) + K9(T2)

Example for Summation of KO Values

FIGURE 32
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Using 100°F as a reference tamperature ensures that all data is referenced
to a common reference point. It should be noted that some element
flow pressure drop data may be input for viscosities at temperatures
other than 100°F, but these data are converted to the 100°F reference
point within the specific subroutine.

Examination of equation (9) will show that when the K, values of BLEG

9

array are multiplied by the factor

Ppx P x Q

N LEG
°100 100

°p - density corrected for temperature and pressure

Vp - viscosity corrected for temperature and pressure
The true AP will be calculated using the corrected viscosity and density
at pressure and temperature. This correction is made in Subroutine TTL and
is described more fully there. Equation (9) when multiplied by the above
factor will result in

-7
= 3.64 )
PLAMINAR FRIC x 10 x °p YpcVpt (10)

dh

A
8%

Function SFRICT

SFRICT is a normalized equation for calculating the turbulent pressure
drop for a given passage length of constant cross-section.
Using the Blasius friction factor for turbulent flow (Reference 5),

= .316
= (Re) -25

and substituting equation (6) for Re in the term above,

f = 4.214 x 1072 g°25 %5

Q.25
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Substituting this value of friction factor into equation (2) yields
2

P = 7591 x 207 4?0, PL
.25 d d
Q
or when terms are combined
8P = 7.591 x 10”7 pp v 23 Q1'75 (650
d4.75

The normalized form of the equation is now found similar to SFRICL where
density and viscosity are referenced to atmospheric pressure and 100°F

with Q equal to 1 gpm.
The turbulent resistance coefficient or normalized turbulent pressure

drop may now be defined as KlO where 10 indicates the column location of

the turbulent resistance coefficients in BLEG array.

SFRICT = K = 7.591 x 107/

100V 100 1 (12)
JONE

10 = ®P100(REF)

with dimensions and designations as for equation (9) above.

Individual element K, . values are summed to give a total of

10

Klo (LEG) = ¢t KlO

ELEMENTS

When the BLEG K,, values are used by TTL for calculation, the KlO values

10
(equation (12)) are multiplied by

.25
°P x YR x o175
P Y
100 100
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This then gives the actual AP corrected for viscosity and density at

temperature and pressure.

= =7 o v’ . .
P ruRBULENT FRIC - /091 x 10 p p 1Q (13)

LOCAL ENERGY LOSSES

Losses which occur in a system of connected pipes and fittings
due to the change in diameter from one element to the next are termed local
energy losses. These are of two types: (1) sudden expansion and (2) sudden
contraction.

The case of sudden expansion (see Figure 33) 1is one in which the
momentum equation may be applied together with the Bernoulli equation to
obtain an energy loss expression in terms of velocities, (Reference 5). This

may be written in the form similar to the Darcy equation where:

- = -
PA,- PoA, 5 Vym V)

P1 - Pressure at 1

P2 ~ Pressure at 2

A2 ~ Area at 2

Q - Flow )
o - Density

V1 ~ Fluid velocity at 1

v, - Fluid velocity at 2

g - Gravitational constant
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Sudden Expansion

FIGURE 33

Bernoulli's equation written between sections 1 and 2 with the

sudden expansion loss is

2 2
= +
V1 + El V2 + EZ he
2g o 2g P
where he - sudden expansion head loss

solving for (Pl-Pz) / p in each equation and equating

P.-P Q v z_ v 2
17 72 = wv,-v.) = "2 1 + he
A.g 21
2 2g
P
Since Q/A2 = V2’
2 2 2
he = zvz(vz-vl) = Vvt - (V,-v,)
2g 2g 2g
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From the Darcy equation

where KE is

Figure 34

2 2 ]2 2
he=KEV_1 = 1—D__1 !
2g D2 2g

"
trs
il
'—l
|
A
U,U
[
N
N
[\S]

shows a graph of this equation.

For a loss due to sudden contraction, see Figure 35.

ance Cocthicient = N

.
3

Resrs

‘ I
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FIGURE 34

Resistance Due to Sudden Enlargements and Contractions
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The same analysis may be applied, provided that the amount of contraction
is known. The preocess of ~onverting pressure energy into velocity
energy is very efficient. Therefore, the loss from 1 to 0 is small
compared with the reconversion of kinetic energy back to pressure energy
from 0 to 2. Applying the above equations, the expansion for the sectiou
from 0 to 2 is

he (Vo'Vz)2

2g

From the continuity equation

Vo CC A2 = V2A2

CC - contraction coefficient

substituting

For a sharp edged opening the term

K;=(C_l- 1)2

C
[

has experimentally been shown to be
2
R, = .5 1-<D_1) (15)
by
Figure 5-12 shows this eguation in graph form

Function SKSB
SKSB is a normalized function for an energy loss when flow is

from a small passage to a larger passage.
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With RE replacing f 1 in equation (2)
d

-5 2
b = . o
PlOO 1.799 x 10 KE 2 100Q1
Expansion
4
d
KE - expansion energy loss coefficient
¢ 100 " fluid weight density at 100°F(lb/ft3)
Q1 - flow in gpm (1 gpm)
d - upstrean passage diameter in inches

SKSB calculates the normalized _ P for a flow of 1 gpm and a fluid
density at 100°F, These energy loss terms are calculated individualily
for applicable elements and summed for the entire leg where it is placed
into column 11 of BLEG array.

When the normalized P is used by subroutine TTL, it is corrected

for actual flow and density as follows:

L _P
Pcorrected 100 X £ x Q2
energy loss Expansion 100

- fluid weight density corrected for pressure

-

Q - Actual flow in leg in gpm

Function SKBS

SKBS is a normalized function for an energy loss when flow is from a
large diameter passage to a smaller diameter passage.

with K_ replacing f 1 in equation (2),
d
N 2
L PLOO -5 100 Q
Contraction +-/97 ¥ 10 " Ko 1
d4
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SKBS calculates the normalized P for a flow of 1 gpm and a fluid

density at 100°F. These energy loss terms are calculated in a similar manner

to the SHSE terms for placement into column 11 of BLEG arrav
where K = _P + P
11 100 100
Expansion Contraction

“he normalized P is corrected for flow and density in TTL as follows:

- = P x x .2
cerrected 100 * _—2 Q
energy loss contraction © 100

5.2.1.4 Approximations

Tne turbulent friction factor is approximated >y .316 which is
the Blasius law.

5.2.1.5 Lizitaticrs

not applicable.

5.2.1.6 Function - SFRICL =- SFRICT - SESE - Swn3S Variable Nanes

variables Description Dirensions
ALEN Length of Passage or Section In

LK Discontinuity Factor --

DIA Internal Passage Diameter In
010G Fluid Weight Density at 100°F Lb/Ft3
100 Fluid Viscosity at 100°F Centipoise
DULD Internal Diameter of Previous In

Element
DELM Internal Diameter of Element In
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5.2.1.6 (Continued)

Variables Description Dimensions

FRIC Normalized Laminar Pressure Drop PS1/GPM

FRICT Normalized Turbulent Pressure Drop PQI/GPM]'75

SFRICL Normalized Laminar Function for PSI/GPM
Frictional Resistance

SFRICT Normalized Turbulent Function for PSI/GPM1'7S
Frictional Resistance

SKBS Normalized Discontinuity Function PSI/GPM
from Big to Small Diameter

SKSB Normalized Discontinuity Function from PSI/GPM2

Small to Big Diameter
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5.2.1.7 SFRICL - SFRICT - SKSB - SKBS Function Listing

@]

(@]

FUNCTION SFRICL(V100,aLEN,D120,DIA)
LAGINAR RiUFLERENCE PRESSURE DROP DATL 9/03/74

FRIC=3.64E-7*V1N0*ALEN*D100* (DIAX*(~4))

SFRICL=FRIC

RETURN

END

FUNCTION 3FRICT(V100,ALtN,D1d0,DIA)

TURSULENT RLFLRENCL PRLSSUKL DROP DaTk 9/03/71
FRICT=7.591E=7*(V100**(,25) ) *ALEN*U1J0* (DIA**(-4,75))
SFRICT=FRICT
RETURN
LND
FUNCTION SKS3(DOLD,DEL~,D130)

DISCONTINUITY CALCULATION SJALL 70 S5IG DATE 9/03/74
CK=(1l,=((DOLD/DEL:)**2))**2
SKSB=CK*I,799E-5*D100%(DOLD**(-4))

RLTURN
LND
FUMCTION SK35(NDOLD, DbLe,D100)

NDISCONTINUITY CALCULATION 316G TO SaALL DATE 9/03/74

C¥=,5*%(1l.—( (DLL:t/DOLD) **2))
SK35=CK*1,799E-5*D100* (DLLu**(-4))
RLTURK

LND
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SECTION VI

CALCULATION AND ELEMENT SUBROUTINES

The solution procedure is totally controlled by the CALC subroutine.
The subroutines used for computations are divided into two sections. Section
6.1 describes the calculation subroutines which include CALC and TTL. These

subroutines comprise the solution procedure. Section 6.2 discusses the

dynamic element subroutines which supplv information to the calculation

section.
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6.1 CALCULATION SUBROUTINES

The calculation subroutines are CALC and TTL. CALC controls the entire
solution procedure, and it computes the pressures and flows for the pressure,
return and suction systems of the modeled system. TTL updates all the dvnamic
elements in the entire system and computes pressure drops in legs using the
current flow guess. Figure 36 is a general solution procedure flow chart
for the calculation subroutines.

The CALC subroutine is called from the Main Program SSFAN. The iteration
counters, flow tolerance, and computational arrays are initialized. The
actual calculation phase begins with a call to the TTL subroutine with the
initial flow guesses in the legs. The legs conductances are computed and a
call is made to SIMULT. New flows are calculated from the pressures and com-—
pared with the old. If the convergence criteria is not met, a new iteration
is started.

After the system has converged one more iteration is performed because

some dvnamic element calculations use the previous iteration pressure or flow

values.
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CALC SUBROUTINE

'

SET UP VARIABLES FOR
COMPUTATION

f &

CALLTTL

SUBROUTINE

'

[ COMPUTE CONDUCTAN CES‘]

v

CALL SIMULT TO
SOLVE FOR PRESSURES

!

CALCULATE NEW
FLOWS IN LEGS

ALL
FLOWS
CONVERGED

| Rretumn TossFaN |

FIGURE 36

GENERAL SOLUTION PROCEDURE FLOW CHART
FOR THE CALCULATION SUBROUTINES
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6.1.1 CALC SUBROUTINE

The CALC subroutine is responsible for the steady state calculations in
the svstem. CALC is called from the SSFAN Main Program - SSFAN. The subroutine
computes the pressures at all the system pressure points and flows in all the
legs, using resistance coefficients obtained from the TTL subroutine. Figure
37 is a generalized flow diagram of CALC.

On entry into CALC the CALC1 and CALC2 storage location identification arrays
are built, the CALCl and CALC2 arrays are zeroed, then the computation phase
begins. All the dynamic elements have resistance coefficients calculated from
the TTL subroutine and stored in BLEG array, then the leg conductances are cal-
culated. These conductance values, along with constant factors, are then in-
serted into CALCl and CALC2 arrays. The SIMULT subroutine is called to compute
the new pressure valﬁes using the compressed matrix techﬁ}que. These pressure
vialues at the pressure points are used to calculate the new flow rates for the
legs in svstem. When all the flows pass the convergence test, program controel
i passed to SSFAN. Should the number of iterations exceed 60, CALC terminates
with the most recent values of flow and pressure and prints out the iteration
count.
b.iolol Math Model

A step-by-step procedure of the solution process is outlined below for the
CALG subroutine. A detailed mathematical explanation is found in Apprndix A
cf o this manual .,

The CALC subroutine controls the entire solution procedure. The process can
he cummarized in seven steps:

1. Ruild the CALCTH and CALC? storage location identification arravs,

Yo Zero the CALCT and CALC! arravs.

v Cali the dvnamic element subroutines and compute resistance coelticients

tvr laminar, turbulent or transition flow through the TTL subroutine. ’
N

t
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L CALC

SUBROUTINE J

'

BUILD SYSTEM PRESSURE
POINT IDENT!FICATION ARRAYS

SOLVE FOR SYSTEM FLOWS
AND PRESSURES

—

y

CALLTTLTO

ELEMENTS AND CALCULATE
RESISTANCE COEFFICIENT

UPDATE DYNAMIC

v

COMPUTE LEG CONDUCTANCES
AND ASSEMBLE THEM AND
CONSTANT FACTORS IN CALC1
AND CALCZ ARRAYS

¥

CALLSIMULT TO
SOLVE FOR PRESSURES

y

@MPUTE NEW FLOWS FOR LEGS ]

FLOWS

ALL

CONVERGED

IN LEGS

D0 ONE MORE
ITERATION TO
STABILIZE VALUES

¥

RETURN
TO SSFAN

GP030594-2

FIGURE 37
CALC GENERALIZED FLOW DIAGRAM
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4, tCalculate the leg conductances and input them and other constant
factors from the dynamic element subroutines in the CALC1 and CALC2
arrays.

5. Call SIMULT using the compressed matrix technique to solve the system

of linear algebraic equations for the variable pressure points.

6. Using the newly calculated pressures from the matrix solution compute

new flow rates for the legs.

7. Compare the new flows with the old. If the convergence criteria is

satisfied, or the solution procedure exceeded 60 iterations, return to

the Main Program. Otherwise go back to Step 1.

A computation made in the solution of the steady state values in CALC is
the calculation of - QNEW. The purpose of this is to establish an error toler-
ance in flows that is reduced through iterations to meet the convergence
criteria as discussed in Section 2.2. The majority of the CALC subroutine
handles the bookkeeping necessary to manipulate the leg and pressure point
numbers in the svstem to a version that is easier for computations bv CALC.
6.1.1.2 Assumptions - See Appendix A.
6.1.1.3 Computations

on entering the CALC subroutine, the iteration counters and flow toler-
ance is set. Then the system pressure point identification arrays are built.
A detailed development of the system pressure point identification arrays

is found in Appendix A of this manual.

In the computation phase the CALC subroutine begins with initializing
the conductance matrix - CALC1l, and the constant matrix - CALC2, to zero
values. (See Figure 38 for a flow diagram of the computation phase opera-

tion.) A call 1is now made to the TTL subroutine for each iteration.
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L CALC SUBROUTINE ]

[ 4
[ITER=1 |TER1=T|
K 2

LOCATION IDENTIFICATION ARRAYS

[TJILD CALC1AND CALC2 STORAGE

y

INITIALIZE CALCH
AND CALC2 MATRICES
TO ZERO

CALL TTL FOR
DYNAMIC ELEMENT
RESISTANCE COEFFICIENTS

DOI1Q=1ML
ML = NO. OF LEGS

¥

COMPUTE CONDUCTANCES
G(1Q) = ABS (Q(10))/BLEG (1Q, 6)

v

ASSEMBLE CONDUCTANCES AND
CONSTANT FACTORS INTO THE CALCY
AND CALC2 ARRAYS

v

SOLVE FOR PRESSURES
CALL SIMULT

v

COMPUTE NEW FLOWS

11

— — c—

DOI=1ML
ML = NO. OF LEGS

3

r
I
I
!
S

Onew =

(PypsTrEAM  PDOWNSTREAM) * B(EG

I 4

Iy
¥
L4

s

P —— - o —— —— —— — ——— —

r—o{—?esr CONVERGENCE |

!

001=1ML

Qnew
LT 1 GPM

CONTINUE

ALL FLOWS IN LEGS
CONVERGED

!
FTER 1-1TER 1?[

UPDATE 0
_0+Qnew

NO

ves LITER=ITER+1—I

RETURN TO
SSFAN FOR
DATA QUTPUT

FIGURE 38

CALC SUBROUTINE OPERATION
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The first and last leg numbers of the system to be solved by CALC are passed
through the subroutine arguments. TTL returns the value of leg pressure drop

to the BLEG array in column six.

The conductance values are calculated for each leg.
G(IQ) = ABS(Q(IQ))/BLEG(IQ,6) (1)

where IQ = leg number

ABS{Q(IQ)) = Absolute value of flow in leg IQ
BLEG(IQ,6) = Pressure drop in leg I0
G(IQ) = Conductance of leg IO
The conductance values must now be entered into the CALC1 matrix. Each
variable pressure point is worked on individually. The main diagonal element
of CALCl contains the sum of all the leg conductances of pressure point J.
Each off diagonal element equals the sum of all conductances around the
pressure point J for multiple legs connected to common pressure points, and
the sum of conductances for each pressure point connected to pressure point J.
The CALC2 matrix contains the constant terms of the system of linear
equations that describe the model. Constant pressure drops in legs, external
flows and constant pressure sources are all inserted into this matrix. Any
constant pressure source or pressure drop is multiplied by the conductance of
the leg it is associated with. 1If leg (5) has a pressure drop term - BLEG(,5)
then the BLEG(,5) is multiplied by the conductance for leg (5) which is G(5),
making the resulting term a flow. Thus, all external flows have no multipli-

cation factors.
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With both CALC1l and CALC2 filled, the SIMULT subroutine is called
to solve for pressures in the system. The answers come back in the first
column of the CALCl matrix and are put into ?QL array, column 1, which contains all
the system pressures. A new flow is calculated for each leg in the system
based on the recent calculation of the pressures. The new flow is
equal to the difference of pressures on the end points of the leg plus
any constant pressure drops times the conductance of the leg.
The solution for flows in all the legs are final when all the previous
flows (Q) and the latest calculated flows (QNEW) are within a specified

tolerance. If both the old and new flows are less than one GPM then

ABS (Q - QNEW) < ,001 )

is the tolerance. For flows greater than or equal to one GPM,

ABS Q—aﬁ%gﬂ < .001 (3)

where QBIG equals the larger of Q or QNEW, is the convergence
criteria. If equations (2) or (3) are not satisfied in each leg
of the system a new value of flow will be compared in each leg by

the following equation:

v - Q * QNEW
Q 2 (4)
3
%
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These new flows are given to TTL for computation of new dynamic element re-
sistance values for another iteration. If all the legs do not converge after
sixty iterations, the cycle stops and all the current values are used as the
steady-state variables. Before transfer is made back to SSFAN a last iteration
is made to stabilize pressure drops and flows for the steady state conditions.

6.1.1.4 Approximations

The coefficients of the CALC1l matrix are linearily approximated to represent

the system conductances. Inherent approximations exist in some of the constant

data in CALCZ.
6.1.1.5 Limitations

Most limitations exist in the areas of physical discontinuities. CALC
was written to solve a flow balance in a system. Any flow discontinuities that
occur, such as in a simple unbalanced actuator, must have mathematical formula
to describe what happens to the flow. CALC also requires the leg pressure drops
to be continuous over a specified flow range. When this does not occur, as
in a check valve, the proper input from the check valve subroutine must be fed
to CALC so it may respond to the changed conditions. Please refer to Appendix

A for a more thorough discussion on the limitations of CALC.
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6.1.1.6

Variables

ALT
BLEG
BRANCHP
CaLCl
CALC2
CICT

D
DENS

D100
FLUIDF

FLUIDK

ICENT

ICCL

IDIAG

LERROR
1J, IM

ILEP

INEG

TORDER

19, IT

IRENT

CALC Variable Names

Description
Attitude
General purpose array
Array containing dynamic element data
MxM array of conductances
M array of constants
Pump case drain port junction number

Dummy storage arrav of JCOL values

Fluid weight density at atmospheric pressure
Weight densitv at 100°F
Viscosity-pressure correction factor at 100°F

Viscosity-pressure correction factor at fluid
temperature

Array of conductances
Integer counters

Array containing number of non-zero elements in
each row

Array containing the column number of each non-
zero element

Array which identifies which columns of CALCl
contcin positive conductance values

Error indicator if #0
Integer counters

Array of leg numbers with the corresponding
pressure on each end

Array which stores the second appearance of a
negative conductance value

Arrav giving pivot selection based on min-row
min-col criteria

Integer counters

Array containing unumber of non-zero elements in
each row
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6.1.1.6 (Continued)

Variables
ITER

ITERL

,1v,12,11,J,J1,

J2,33

JCENT

JCoL

JCT

JEM

JNEG

JRENT

KOUNT

K,K1,K2,K3,K4,
K5,K6,K8,K9

K7

L,LM, L1
MAXITER
ML

N

N1

NBP2

NL

NPO

NPOL2

Description
Iteration counter

Final iteration counter

Integer counters

Array which identifies the number of non-zero
entries in each column of CALCL

Final arrav which identifies the columns in a

square CALCl array which are filled with non-zero
terms

Pump case drain port junction number

Number of pressure points
Array which identifies which column in CALCI con-
tains the first appearance of a negative

conductance value in CALCl arrav

Arrav which identifies the number of non-zero
entries in each row of CALCl

Integer Variable

Integer counters

Temporarv storage of non-zero entries in each
row of CALCl

Integer counters

Maximum number o“ iterations

Total number of legs

Branch point number of actuator

Integer counters

Total number of rows in BRANCHP arrav

Total number of rows in BLEC and ILEP arravs

Total number of rows in POL arrav

Arrav containing corresponding pressure point

numbers for constant pressure values of array
POL2

140

Dimensions

_ : R



6.1.1.6 (Continued)

Variables
PAMB

PQL

PQL2
QBIG
ONEW
TEMP
TEST

TEST2

TOL
TY
VISC

v100

Description

Atmospheric ambient pressure

Array of pressure points, flows and port num-
bers

Array containing constant pressure values
Larger of Q or QNEW

Latest values of leg flows

Fluid temperature

Largest positive value in D( ) array

Location number in D( ) array containing
largest positive value

Tolerance for flow balancing
Element type
Fluid viscosity at atmospheric pressure

Fluid viscosity at 100°F
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6.1.1.7 CALC Subroutine Listing

C
Cc888
€999

SUBROUTINE CALC(ML,N,JE,BLEG,PQL,CALC1,JCOL,CALC2 ,JRENT,JCENT
1I0IAG,JNEG, INEG, BRANCHP ,NBP2 ,NL,ILEP ,IRENT ,ICENT ,IORDER, LCOL,
2NPQ)

CALC 1 DEC 79

CALC COMPUTES PRESSURES AND FLOWS IN ALL SYSTEMS

COHMON /BLK1/TEMP,V1SC,DENS, D100, PAAB,ALT,FLUIDF,FLUTOK,V100

COMMON /BLK3/NPQL2(20),PQL2(20)

COMMON /BLK7/IERROR,ITER

DIMENSION D(5)

DIMENSION CALC1(1l),CALC2(1),JCOL(1),JRENT(Ll),JCENT(1),ICOL(1)

DIMENSION IDIAG(1),JNEG(1),INEG(L),BRANCAP(])

DIMENSION ICENT(L),IRENT(1),IORDER(1)

DIAENSION BLEG(L),ILEP(Ll),PQL(1)

HAKLLTER=150

ToL=.001

[TER=]

IC=0

ITERL=0

VARK=0

L11=0

bu 2 I=1,uL

IF(BLEG(1+(2*NL)).LT.1.)8LEG(I+(2*NL))=1.

DO 2 J=1,NBP2
TY=8RANCHP(J)

IF(IY.NE.5.)GO Tu 2

JCT=BRANCHP (J+3*NBP2)

IF(JCT.EQ.BLEG(I+NL) )BLEG(I+2*NL)=(-1.)

CONTINUE

PRINT, BLEG”

by 883 I=1,ML

WRITE(108,999) (BLEG(I+(J-1)*NL),J=1,16)

FORMAT(16F8.3)

STURE NUN=-ZERO COLUMN NUMBERS IN JCOL

DO 3 K=1 ML

I=1LEP(K)

J=ILEP(K+NL)

DO 3 Kl=1,2

Jl=1

IF (K1.EQ.2)J1=J

DO 3 K2=1,2
J2=1

I¥ (K2.EQ.2)J2=]

00 3 K3=1 5

J3=JCOL(J1+(K3-1)*NL)

Ir (J3.NE.O)GU TO 3
JCOL(JL1+(K3-1)*NL)=J2
J2=0

IF (J3.EQ.J2)J2=0

LOAD CONSTANT PRESSURE NODES INTVU JCOL
N1l=N

IF(NPQLZ(N+1).NE.O)NLl=n+1
JD 6 K=1, N1

Il=NPYL2(K)

DO 5 1i=},5
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6,1.1.7 (Continued)

5 JCOL(Il+(J1-1)*NL)=0
6 JCOL(Il)=I1
c BUILD JRENT,JCENT; REORDER JCOL; BUILD IDIAG
DO 12 K=1,JEM
KOUNT=0
DO 7 K8=1,5
DO 7 K9=1,JEM
7 IF (JCOL(K9+(K8-1)*NL).EQ.K)KOUNT=KOUNT+1
JCENT(K)=KOUNT
KOUNT=0
DO 8 Kl=1,5
8 IF (JCOL(K+(KL-1)*NL).NE.O)KOUNF=KOUNT+1
JRENT(K)=KOUNT
DO 9 K2=1,KOUNT
9 D(K2)=JCOL(K+(K2-1)*NL)
DO 11 K&4=1,KOUNT
TEST=0
DO 19 K5=1,KOUNT
IF (D(K5).LT.TEST)GO TV 10
TEST=D(K5)
TEST2=K5
10 CONTINUE
Ko=KOUNT+1-Kéb
JCOL(K+(Kb=1)*NL)=TEST
11 D(TESTZ)=0
K7=JRENT(K)
DU 12 KOUNT=1,K7
12 IF (JCOL(K+(KOUNT-1)*NL) .EQ.K) LOLAG(K)=KOUNT
C BUILD INEG,JNEG
DO 14 K=l 0L
I=ILEP(K)
J=ILEP(K+NL)
I1=JRENI(I)
J1=JRENT(J)
LNEG(K)=0
JINEG(K)=0
DO 13 KOUNT=1,I1l
13 IF (JCOL(I+(KOUNT~1)*NL).EQ.J)JINEG(K)=KOUNT
DO 14 KOUNT=1,J1
14 IF (JCOL(J+(KOUNT-1)*NL).EQ.1)INEG(K)=~KOUNT
15 CONTINUE

c CALL OPUT2(ILEP,BLEG,NL,PyL,NPQ)

c INLTLALLZE CALCL AND CALC2 AKRAYS TO ZERO
DU 16 K=1,iL
BLEG(K+4*NL)=0.

16 BLEG(K+11*NL)=0.
DU 17 K=1, J&u
17 PQL(K+NBP2)=0.
Vo 13 Li=1,JEM
DO 13 K1=1,9
13 CALCL(L14(Kl=1)*NL)=0.
19 CALC2(LLl)=0.
C COMPUTE CONDUCTANCES FOR CALL ARRAYS
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6.1.1.7 (Continued)

c887

20

21

22

23

24

25

26

27

CALL TTL(ML,NL,BLEG,BRANCHP,NBP2,ILEP,PQL,NPQ)

DO 887 I=l,ML

WRITE(6,999) (BLEG(I+(J-1)*NL),J=1,16)
1F(IERROR.GT.O)RETURN

DO 20 IQ=1,ML

G=BLEG(IQ+5*NL)

Q=ABS(BLEG(IQG+2*NL))

BLEG(IQ+5*NL)=Q/G

BUILD THE CALCl ARRAY

DO 21 K=1,ML

I=ILEP(K)

J=ILEP(K+NL)

L=TL IAG(I)

LM=T.1AG(J)
CALLL(I+(L-1)*NL)=CALCL(I+(L-1)*NL)+BLEG(K+5*NL)

CALCY (J+(LM=1)*NL)=CALC1(J+(LM-1)*NL)+BLEG(K+5*%NL)
L=JNEG(K)

LM=INEG(K)

IF (L.NE.O)CALC1(I+(L-1)*NL)=CALC1(I+(L-1)*NL)-BLEG(K+5*NL)
IF (L!I.NE.O)CALC1(J+(L4-1)*NL)=CALCL(J+(LM-1)*NL)-BLEG(K+5*NL)
BUILD CALC2 ARRAY

N1=N

IF(NPQL2(N+1).NE.Q)N1=N+1

DO 22 I=1,N

I11=NPQL2(I)

CALCI(I1)=1.

CALC2(I1)=PQL(I1)-PQL(I1+NPQ)

DU 23 I=1,JEM

CALC2(1)=CALC2(I)+PQL(I+NPQ)

DO 24 I=1,:L

IF(BLEG(I+4*NL).EQ.D.)GO TO 24
CALC2(ILEP(I))=CALC2(ILEP(1))-BLEG(I+4*NL)*BLEG(I+5*NL)
CALC2(ILEP(I+NL) )=CALC2(ILEP( I+NL) )+BLEG( I+4*NL)*BLEG( I+5*NL)
CONTINUE

IF(NPQL2(N+1).EQ.0)G0 TO 25

J=NPQL2(N+1)

CALC2(J)=.001

CALL SIMULT(JEM,ITER,CALCl,CALC2,JCOL,JRENT,JCENT,ICENT,
L1IRENT,IORDER,ICOL,NPQ)

DO 26 IM=1,JEM

PQL(IM)=CALC1(1IM)

CONTINUE

CALCULATE NEW FLOW RATES

DO 27 IT=1,ML

TIU=TILEP(IT)

IV=ILEP(IT+NL)

BLEG(IT+6*NL)=( PQL(IU)+BLEG(IT+4*NL)-PQL(IV) )*BLEG(IT+5*%NL)
CONTINUE

TEST WEW FLOW RATES

DO 31 IJ=1.4

Q=BLEG( 1J+2*X\L)

QNEW=BLEG( IJ+A*NL)

IF(ABS(0=QJEW).LE.TOL)GO TO 31

1F(ABS(Q).GT.1.)GU TU 28

IF(ABS(OQNEN).LE.1.)GU TO 35
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6.1.1.7 (Continued)

23

29
30
31

33

34

35

30

IF(ALS(Q).CT.ABS(QIEW))GO TO 29
OBIG=QHEW

GO TO 30

QRIG={)

T(ABS((Q-NNEW)/QBIG) .GT.TOL)YGL TO 35
CONTINUE

IF(ITERL.GE.1)GD TO 32

ITERLI=ITER1+1

GO TO 35

CONTINUL

U=BLEG(IZ+2*NL)
IF(Q.EQ.0.)sLEG(IZ+2*NL)=.00001

CONTISUE

LE(ITER.GE WX ITER)WRITE(G,34)

IF(ITER.GE .JiAXITER)STOP
FORGAT(1UX,42HEXCEEDED :L\X NO OF ITERATIONS-CUECK SYSTEM)
IC=V

CALL FLOCHLK(IC,BRANCUP,NBP2,BLEG,NL,PQL)
CaLL VCHEK(ML, IC BRANCHP,NBP2,5LEG,NL, ILEP, PQL,NPQ)
CALL ACTCHLK(W,IC, SRANCHP ,NBP2 , PQL,NPQ)
CALL HTRCUK(BRANCHP ,NBP2 , IC)
IF(IC.NE.D)GO TO 1

RETURN .
RECALCULATE FLOW RATES .
DO 36 I=1,HL

Q=BLEG(I+2*4L)

QNEU=BLEG( [+6*NL)
BLEG(I+2*NL)=(Q+)NEW)/ 2.
IF(Q.EQ.0.YBLEG(142%:L)=.00001

CONTINUE

IF(ITER .EQOUAXITFR)IGO TO 32

ITERSITEK+]

GO TO 15

END
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6.1.2 TTL Subroutine

The TTL subroutine updates all the system leg values by calling the
dynamic element subroutines. The dynamic subroutines give pressure at a
pressure point, flow in a leg, or the change in pressure (AP) in a leg.

These values returned by the element subroutines are found in column 5 or
column 12 of the BLEG array or columns 1 or 2 of the PQL array. This value in
column 5 of BLEG represents the AP term. The one in column 12 corresponds to
energy loss coefficients in a leg due to valves and orifices. PQL column 1

is the pressure point value and PQL column 2 is a flow loss or gain at a pres-
sure point.

Once the dynamic elements in a leg are called, viscosity and density
corrections factors, and the leg Reynolds number are calculated using the
average leg pressure. The Reynolds number determines the proper equation
to be used to account for all the element pressure drops as a function of
leg flow. One of three equations are generated depending on whether the
flow is laminar, turbulent, or in tramsition. The resulting equation is
evaluated at the leg flow rate and the pressure drop value is set into
the sixth column of the BLEG array.

Each leg in the system is processed in the same manner. First the
leg's dynamic elements are updated then the leg pressure drop is calculated and
stored in BLEG. After the final leg, program control is passed back to the
calling subroutine. A descriptional flow chart of the TTL subroutine is shown
in Figure 39.
6.1.2.1 Math Model

The average pressure for a leg is calculated by using the upstream and

downstream pressures found in the PQL array. The location of the pressure
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DO FOR EACH
BRANCHP ELEMENT
IL =1, NBP2

T

CALL DYNAMIC
SUBROUTINES 7O
UPDATE BLEG

'

CALCULATE AVERAGE
PRESSURE IN LEG
Pyup + PpOWN

2
VISCOSITY PRESSURE CORRECTION
VISCP = VISC * EXP (FLUID FACTOR TEMP CORR) * PAVG

y

DENSITY PRESSURE CORRECTION
DENP = (1 + PAVG/200000) * DENS

!

PAVG =

CALCULATE REYNOLDS NUMBER
RE = (3163 Q)/(AVG LEG BIA * VISCP)

LAMINAR FLOW I
DP = t(BLEG
COLUMNS 8,9,11,12)

TURBULENT FLOW
OP = f(BLEG COLUMNS
8,10,11,12)

REYNOLDS
NUMBER

TRANSITION FLOW
OP = {(BLEG COLUMNS
8,9,10,11,12)

.

RETURN

GPO3-0594-4

FIGURE 39
TTL SUBROUTINE DESCRIPTIONAL FLOW CHART
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points in PQL for each leg is found in the ILEP array.
PAVG = (PQL(ILEP(IQ,2),1)+PQL(ILEP(IQ,3),1))/2. (1)
where IQ = the current leg number
The average pressure is used in the calculation of a viscosity-
pressure correction factor VISCP.
VISCP=VISC*EXP (FLUIDK*PAVG) (2)

where VISC = Fluid Viscosity at System Operating Temperature
and Atmospheric Pressure

FLUIDK = Fluid Correction Factor - Temperature Compensated
PAVG is also used for a density-pressure correction factor DENP.
DENP = (1. +(PAVG/200000.))*DENS (3)

where DENS = Fluid Density at System Temperature and Atmospheric
Pressure

Since the leg resistance coefficients are adjusted to a reference viscosity

and density at a temperature of 100°F, the VISCP and DENP correction terms

are
CFVP = VISCP/V100 (4)
and
CFDP = DENS/D100 (5)
The Reynolds number is calculated for each LEG by the following
equation:
RE = (3163.*F)/DIA*VISCP (6)
where F = Absolute value of flow in a leg (GPM)

DIA Leg average diameter (IN)
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The calculation of the Reynolds number is used to determine the LEG flow
equation. Pressure drop (DP) for each leg is calculated using columns 8 thru

12 of the BLEG array. The DP equation is of the form:

DP = Kl + KZQ + K3Q1'75 + K4Q2 + KSQ (7)
where ’

Kl = BLEG(I1Q,8) fixed constant pressure drops

K2 = BLEG(IQ,9) laminar resistance coefficients

K3 = BLEG (1Q,10) turbulent resistance coefficients

K4 = BLEG(IQ,11) local energy loss coefficients

K5 = BLEG(1Q,12) leakage resistance coefficients

1Q = Leg Number
The'K2 and K3 terms are corrected with both the viscosity-pressure

coefficient (CFVP) and the density-pressure coefficient (CFDP). K, is only

4

density-pressure corrected and K. is viscosity-pressure corrected.

5
Laminar flows for Reynolds numbers less than 100 use columns 8, 9, 11

and 12 of BLEG for the DP calculation. Turbulent flows with Reynolds

numbers greater than 1800 use BLEG columms 8, 10, 11 and 12. For transition

flows between 100 and 1800 a maximum laminar and minimum turbulent flow is

calculated using 100 and 1800 for the Reynolds numbers in equation (6) and

solving for flows. These flows yield a DPMAXL and DPMINT terms when inserted

into the proper pressure drop equation. QMAXL and DPMAXL define a point on

a Flow vs Pressure Drop graph. QMINT and DPMINT define the other poiut.

The value for the leg pressure drop results from interpolating between these

two points using the current leg flow rate. For a DPMINT greater than 20000

the laminar equation only is used to give the leg pressure drop.
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6.1.2.2 Assumptions - None.
6.1.2.3 Computations

The DO loop parameter is NBP2, the number of dynamic elements in the system.
The dynamic elements are updated for each iteration. The DO loop is incremented
and another dynamic element is done in a similar manner, until all dynamic
elements are processed. Next leg pressure drops are calculated. Each leg
pressure drop is calculated for each iteration and passed to BLEG column 6.

6.1.2.4 Approximations - Not applicable.

6.1.2.5 Limitations - Not applicable.
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6.1.2.6 TTL Variable Listing

Variable

ALT
BLEG
BRANCHP
CFDP
CFVP
DENP

DENS

DIA
pP
DPXL
DPXT
D100

F
FLUIDF

FLUIDK

TERROR
IL

ILEP

1Q

ITER

NBP2

NL

Description
Altitude
General purpose array
Dynamic element data storage array
Pressure corrected density coefficient
Pressure corrected viscosity coefficient
Density-pressure correction factor

Fluid density at system temperature and
atmospheric pressure

Leg diameter

Leg pressure drop

Laminar pressure drop

Turbulenf pressure drop

Density at 100°F

Absolute value of leg flow
Viscosity-pressure correction factor at 100°F

Viscosity-pressure correction factor at fluid
temperature

Error indicator if #0
Element row location in BRANCHP

Array of leg numbers with the up and downstream
pressure points

Leg number

Iteration counter

Total number of legs

Total number of rows in BRANCHP array

Total number of rows in BLEG and ILEP arrays
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PSID
PSID
LB/FT>

GPM
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Variable

NPQ
PAMB
PAVG
PCT
PQL
QMAXL
QMINT
Q1200
RE
TEMP
TLAM
TTURB
TY

VISC

VISsCp

V100

Description

Total number of rows in PQL array

Atmospheric ambient pressure

Average pressure of a leg

Percent

Arrayv of pressure points, flows and port numbers
Maximum laminar flow

Minimum turbulent flow

Flow when Reynolds Number equals 1200

Reynolds Number

Fluid temperature

Reynolds Number at which flow is totally laminar
Reynolds Number at which flow is totally turbulent
Element type

Fluid viscosity at system operating temperature and
atmospheric pressure

Viscosity - pressure correction factor

Viscosity at 100°F
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6.1.2.7 TTL Subroutine Listing

w

SUBROUTINE TTL(.L,NL,sLEG,BRANCHP,N8P2,ILEP,PQL,NPQ)

TTL 1 DEC*79
CO40n /BLKL/TEMP,VISC,DENS,D100,PAMB,ALT,FLULDF,FLULDK,V1J0
DLMENSION ILEP(L),PQL(L),BLEG(Ll),bRANCAHP(])
COON /BLK6/VISCP,DENP
COMNON /BLK7/1ERROR, ITER
TLAM=100.
TTURB=1800.
IF(TTURB .LT.TLAM)TTURB=TLA:i
DU 1 IL=l,NBP2
IF (8RANCHP(IL).EQ.0.)GO TO 2
IF (BRANCHP (IL+20%NEP2) .EQ.0.)GO TO 1
TY=3RANCHP(IL)
IF(TY.EQ.5.)CALL DPUMS(IL,BRANCHP ,NBP2 ,BLEG,NL,PQL,NPQ,ILEP)
IF(TY.EQ.9.)CALL DRESV(TY,IL,BRANCHP,NBP2,BLEG,NL,PQL ,NPQ)
IF(TY.EQ.91.)CALL DRESV(TY,IL,BRANCHP,NBP2,BLEG,NL,POL,NPQ)
IF(TY.EQ.92.)CALL DRESV(TY,IL,BRANCHP,d BP2 ,BLEG,NL,PQL,NPQ)
IF(TY.EQ.24.)CALL DTEE24(IL,BRANCHP ,NBP2,BLEG,NL)
IF(TY.EQ.25.)CALL DCRO25(IL,BRANCHP NP2 ,BLEG,NL)
IF(TY.EQ.4.)CALL DACT4(IL , BRANCHP ,NBP2,3LEG NL,PYL,NPQ)
IF(TY.EQ.3.)CALL DCXV3(IL,CRANCIP ,NBP2,8LEG,NL)
IF(TY.EQ.31.)CALL DRIW31(IL,3RANCHP NBP2,8LEG,NL)
IF(TY.EQ.33.)CALL DVRE33(IL,s3RANCHP ,NBP2,BLEG,NL)
IF(IY.£Q.34,)CALL DVSO34(TY,IL,BR.ACHP NBP2 ,BLEG,NL,PQL,NPQ)
IF(TY.EQ.35.)CALL DVSO34(TY,IL,BRANCHP,NBP2,BLEG,NL,PQL,"PQ)
LF(TY.EQ.36.)CALL NVSO34(TY,IL,BRANCAP NP2 ,5LEG,NL,PQL,NPQ)
IF(TY.£Q.37.)CALL nVSG34(TY,IL,3RANCIP,NBP2 ,BLEG,NL,POL,NEQ)
IF(TY.EQ.33.)CALL DVSO34(TY,IL,BRANCHP,N8P2 ,BLEG, XL ,PQL,NPQ)
Ir(TY.EQ.lU.)CALL DPECIO(IL,BRANCHP,NBP2 ,BLEG,NL)
IF(TY.EQ.6.)CALL DF1L6(IL,BRANCHUP,NBP2,BLEG,NL)
IF(TY.EQ.7.)CALL DACCT (IL,BRANCHP,NBP2,PQL,NPQ)
IF(TY.EQ.5.)CALL DUTKB(IL,BRANC:HP,NBP2,PQL,NPQ,BLEG, L)
CONTLAUE
DU 13 IQ=1,ML
DIA=BELEG(I+3%NL)
IFr(vIA.EQ.0.0)DIA=.0001
F=ASS(BLEG(IY+2*NL))
PAVG=(PQL(1LEP(IQ) )+PQLCILEP(IQ+NL)))/2.
IF(PAVG.LE.G.0)CO TO 3
IF (PAVG.GT.20000. )PAVG=20000,
FLUIDK=BLEG(IQ+14*NL)
VISC=BLEG(IQ+15%NL)
VISCP=VISCXEXP(FLUIDK*PAVG)
Gu TO 4
VISCP=VISC
DENP=(1.+(PAVG/200000.))*DENS
I1F (DENP.LE.O0.O)DENP=DENS
RE=(3161.77*F)/ (DIA*VISCP)
CFVP=VISCP/V100
CFDP=DENP/D100
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6.1.2.

lu

11

12
13

7 (Continued)

DPXL=BLEG( LQ#+7*NL)+F*CF\ P*CFDP*BLEG( Iy+$*NL)+F*BLEG( IQ+1 1*NL)
DPXL=DPXL+BLEG( IQ+10*NL) *CFDP*F**2
DPXT=BLEG( IQ+7*NL)+LLEG(IQ+11*NL)*F
DPXT=DPXT+CFDP* (CFVP** ,25)*BLEG(IY+9*NL)*(F**1.75)
DPXT=DPXT+CFDP*BLEG(1Q+1U*NL)* (F**2)
IF(RE.LE.TLAM)GO TO 8
IF(RE.GE.TTURB)GO TO 9
QUAXL=(TLAI*DIA*VISCP)/3161.77
QHINT=( TTURB*DIA*VISCP)/3161.77
Q1200=(1200.*DIA*VISCP)/3161.77
IF(TTURB.LE.1200.)G0 TO 10
IF(TLAI.GE.1200.)G0 TO 10
IF(RE.GT.1200.)G0 TO 11
PCT=(F-QMAXL)/(Q1200-QUAXL)
DP=PCT*DPXT+(1.-PCT)*DPXL

GO TO 12

DP=DPXL

GO To 12

DP=DPXT

GO TO 12

PCT=(F-QiAXL)/ (QAINT-QMAXL)

GO TO 7

PCT=(F-Q1200)/ (QMLNT-QL200)

GO TO 7

BLEG(IQ+5*NL)=DP

CUnT I wUE

RETURN

END
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6.2 DYNAMIC ELEMENT SUBROUTINES

Dynamic subroutines are called during the iteration portion of program
execution. Dyhamnic resistance coefficients are calculated at this time
because the flow direction in a leg may not be known. This difference is
particularly noted in an element such as a check valve with free flow allowed
in one direction and zero flow allowed in the opposite direction. Generally,
a dynamic subroutine is required for all elements that have moving parts such
as poppets, pistons, rotating groups, etc. During the assembl:r phase of the
program, identifiers for pressure points and the connecting leg numbers are
placed in the c¢lement data array. Also, some elementsrequire an identifier
for the direction the leg was assembled through the element to determine the
correct sign for flow direction. These are also generated during the assembly
phase. With this information, the correct equations for calculating resistance
coefficients are selected or an assumed flow condition is assigned for some
elements. These resistance coefficients are dependent on flow direction,
flow magnitude and pressure or pressure drop. The resistance coefficients
calculated during the iteration process are recalculated each iteration and
are stored in BLEG array columns 5 and 12. After the system is balanced, a
check is made to see that the assumed flow condition for element types 3,4,5,
8,31,33,37 and 38 is correct. If not, the initial assumed flow condition is

changed, and the system is rebalanced.
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6.2.1 Subroutine DCKV3

DCKV3 is the dynamic element model for a check valve.
6.2.1.1 Math Model

The check valve is generally of the type shown below - Figure &0
with a spherical seat or conical seat. A spring is placed behind the
moving poppet to ensure positive seating in the reverse flow direction.

The spring determines the cracking pressure of the valve.

Size 1\ Size 2
Suncuion 1 4 ++-

{Always “’In
Free Flow Direcuon)-—/ Junction 2

_.l E_\\\\\\

Conical Valve Ball Valve

FIGURE 40
CHECK VAIVF
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6.2.1.2 Assumptions - Not applicable.
6.2.1.3 Computations
When DCKV3 is called from TTL subroutine, the inlet port diameter, cracking
pressure and flow indicator (Fl) are initialized. The flow indicator is used
to establish the resistance factor to be used for calculation. On the initial
flow balance, the flow is considered to be in the unchecked direction (FI=0).
After the system is balanced a flow gradient check is made of the leg in which
the check valve is located. If the flow gradient is opposite the initial
assumed flow direction, a (-1.) is placed in the flow indicator position
in BRANCHP array bv VCHEK subroutine. VCHEK also passes an indicator to CALC
subroutine to indicate a system rebalance is necessary. When the system
is rebalanced, the high resistance factor, checked position, is used for
calculation. This method has improved stability in calculation over the
previous method.
If the flow is in the normal flow through direction, the equation is of
the form
AP = A * (Q**1.75)
Where A = constant
Q = flowrate

If the flow is in the checked direction, a high resistance is input as

The resistance coefficient is placed in BLEG column 12.
6.2.1.4 Approximations

The check valve data was derived from a manufactures flow versus pressure
drop chart for various size check valves.

For sizes smaller than -4 and larger than -20, the constants for calculation
are extrapolated.
6.2.1.5 Limitations - None.
6.2.2 Entry DRIW31

DRIW31 is the dynamic element model for a one way restrictor.
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6.2.2.1 Math Model

The one way restrictor schematically is similar to 4 check valve,
Figure 41. In the free flow direction the poppet operates similar to the check
valve. In the restricted flow direction the poppet is closed and flow is

restricted through the orifices.

Junction 1
{Always “In* Port )
i i i Junction 2
Restricted Flow Direction} -
Hﬁﬂlﬁb
i _«mm =
Size 1 ‘ Size 2
Restricted
Flow

\

¢
r— r—-
_LA__\_ R

FIGURE 41
1-WAY RESTRICTOR

6.2.2.2 Assumptions - Not applicable.
6.2.2.3 Computations

The math model for the one way restricvtor is similar to two other models.
The free flow calcuiation is similar to the check valve, section 6.2.1. The

restricted flow calculations are similar to the two wav restrictor.

. -
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The flow is considered to be in the restricted flow direction for the

initial flow balance. After the system is balanced, a check is made by VCHEK

subroutine to determine whether or not the assumed flow direction was correct

If not, a (-1) is placed in the flow indicator position in BRANCHP array bv

VCHEK and an indicator is passed to CALC indicating a system rebalance is

necessary. When the system is rebalanced the free flow direction resistance

constants are used.

6.2.2.4 Approximations - Not applicable.

6.2.2.5 Limitations - None.
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6.2.3 Entry DVRE33
DVRE33 is the dynamic element model for a relief valve.
6.2.3.1 Math Model
The relief valve is shown in Figure 42. It is similar to a check

valve in operation except the spring is much stronger. The spring determines

the relief valve cracking pressure.

Size 2
Size 1

Junction 1 Junction 2
(Always “In”* Relief Flow Direction)

Lo

NS

_.l )'\-\\\\\\

Conical Valve

Ball Valve

FIGURE 42
RELIFEF VALVE

160




6.2.3.2 Assumptions - Not applicable.
6.2.3.3 Computations

When DVRE33 is called from TTL subroutire the inlet port diameter, relief
pressure and flow indicator (FI) are initialized. The flow indicator is set
to zero and on the initial flow balance, the relief valve will not open. After
the system is balanced, VCHEK is called and a check is made to see if the
assumed condition (no relief flow) was correct. If not, the flow indicator is
set to (-1) in BRANCHP array and another indicator is passed to CALC subroutine
to indicate a system rebalance is necessary. The calculations are similar
to the check valve for relief flow conditions.

6.2.3.4 Approximations - Not applicable.

6.2.3.5 Limitations ~ None.
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6.2.3.6 DCKV3 - DRIW31 - DVRE33 Variable Names

Variables Description Dimension
A Array of constants -
ALT Altitude FT
B Check valve constants -=
BLEG General purpose array --
BRANCHP Dynamic element data storage array -
CK Resistance coefficient PSI/GPM
cl,c2,cC3 Array input values -
4 Equivalent orifice diameter N
DENS Fluid density at system temperature and atmospheric 3
pressure LB/FT
np Resistance coefficient PSI/GPM
HP1 Resistance coefficient PSI/GPM
N1 Viscosity at 100°F CENTISTOKES
FI Flow direction indicator -
FLUIDF Viscosity - pressure correction factor at 100°F -
Ft CIDK Viscosity - pressure correction factor at fluid -
temperature
I Integer counter -
[ Row number in BRANCHP array -
LEG Leg number {(row in BLEG) -
M Row number in element array -
NBP2 Total number of rows in BRANCHP array -
NL Total number of rows in BLEG arrav -
PAMB Atmospheric ambient pressure PS1
PSs Port diameter IN
162
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Variables Description Dimension

Q Flow rate GPM
TEMP Fluid temperature °F
VISC Fluid viscosity at system operating temperature --

and atmospheric pressure

V100 Viscosity at 100°F CENTLSTCKY
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6.2.3.7

~N O

10

DCKV3 - DR1W31l - DVRE33 Subroutine Listing

SUBROUTLNE OCKV3(1L,BRANCHP ,NBP2 ,BLEG,NL)
DYNAMIC RESISTANCE FOR CHK VALVE DATE 6/13/78
DIMENSION A(7),8(6),PS(7)
COMAON /dLKl/TEMP,VISC,DENS,DIOO,PAMB,ALT,FLUIDF,FLUIDK,VIOO
DEAENSIUN BRANCHP(L),BLEG(1)
DATA A/4.60873,.955169,.369931,.138549,.0549938,.0258037,.0121475/
DATA PS/.172,.297,.391,.464,.609,.844,1.078/
DATA B/12.,21.,27.,32.,42.,57./
M=1L
LEG=8RANCHP (:H+20%NBP2 )
FI=BRANCUP (+7*NBP2)
IF(FI.LT.0.)G0 To 10
C2=BRANCHP (4 5*NBP2 )
CL=BRANCHP (4+3*NBP2)
Q=AbS(BLEG(LEG+2%*NL))
DO 2 I=1,6
IF((C1*64.).LT.B(1))GO TO 3
CONTINUE
1=7
IF(I.EQ.1)G0 TO &4
IF(L.EQ.7)GO TO 5
LP=(ACL)=((A(I)~A(I+1))*(CL-PS(I))/(PS(I+1)-PS(I))))*Q**1.75
GO T0 7
A(1)=-29.22848*C14+9.6302
GU TO ©
A(1)=.0121475/(.03125*EXP(3.46574*(C1/1.078)))
DP=A(L)*Q**1.75
IF(Q.EQ.0.)BLEG(LEG+2*NL)=.0001
1¥(Q.EQ.0.)GU TO 9
IF(DP.LT.5.)DP=5.
bP=pP=5.4C2
DP1=DP/Y
BLEG(LEG+11*nL)=BLEG(LEG+]1 1*#NL)+Dp1
RETURN
BLEG(LEG+4*NL)=BLEC(LEG+4*NL)+C2
RETURN
VPLl=3,E7
IF(BLEG(LEG+2*NL) .EQ.0.)BLEG( LEG+2*NL)=.001
G0 O 8
ENTRY DR1wW31
DYNAMIC RESISTANCE FUR 1 WAY RESTRICTOR  DATE 6/26/78
M=1L
LEG=3RANCHP(M+20%*NBP2)
Q=ABS(BLEG(LEG+2#*NL))
FL=gRANCHP( M+ 1 2%NBP2)
1F(FI.LT.0.)GO TO 12
C2=BRANCIHP(M+5*NBP2)
CI=BRANCHP(M+6*NBP2)
IF(C2.GT..9)Gu ™ 11
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6.2.3.

11

12

13

7 (Continued)

1F(C2.EQ.0.)C2=,00001
C4=C3/((1.-(C2/BRANCHP(M+3I*NBP2) )**4 ) k%, 5)
DP1=(DENS*Q)/((236.%(C2%*2)*C4)**2)
GO TO 8
CK=C2/(C3**2)
DP1=CK*Q
GO Tu 8
1F (BRANCHP (M+8*NBP2).EQ.0.)G0 TO 13
CK=BRANCHP(+8*NBP2 )/ ( BRANCHP (M+9*NBP2 )**2)
DP1l=( BRANCHP (M+7%NBP2)/ABS(Q) )+(CK*Q**2)
GO TO 8
C2=BRANCHP (M+7*NBP2)
C3=BRANCHP (4 *NBP2)
GO To 1
ENTRY DVRE33
DYNAMIC RESISTANCE FOR RLF VALVE DATE 6/13/78
M=IL
FI=BRANCHP(vH7*NBP2)
C1l=BRANCHP (M+3*NBP2)
C2=BRANCHP (M+5*NBP2 )
IF(FI.LT.0.)GO TO 1
DP1=3.E7
GO TO 8
END
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6.2.4 Subroutine DACT4

DACT4 is the dynamic element model for a simple actuator.
6.2.4.1 Math Model

The simple actuator is modeled as shown below, Figure 43. The flow
is into either the extend or retract port. Piston leakage is calculated and
also the net flow to operate the piston. The flow gain or loss depending on
the piston direction is then calculated. The pressure rise or drop across
the piston is also calculated based on the inlet pressure, the external lcad

and the piston seal friction.

Junction 1
{Always the Extend
Port of Actuator)

Junction 2

R !
~—Piston Seal od Sea

+ ——

SN Externai
Y | oad
A1 Net Area to A2 Net Area to
Extend Actuator Retract Actuator
QLOSS QGAIN
f
INTERNAL LEG ——\
4

QIN QOUT QIN QOUT

Extend Retract

Branch Point Representation

FIGURE 43

SIMPLE ACTUATOR
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6.2.4.2 Assumptions - Not applicable.

6.2.4.3 Computations

The actuator physical parameters are initialized from BRANCHP arrav. The
piston leakage constant is calculated as
FCON = 200000.*(VISC/VIO0)*(L/(3.14(6*PDIA))
For the actuator extending,the flow on the head side of the piston is
QP = QIN - QLEAK
Where the leakage flow is calculated from the previous pressure difference
across the piston.
Q pag = Pressure Drop/FCON.
The pressure on the opposite side of the piston is calculated as
PR = ((PH x Extend Area) - Load - Friction)/Retract Area
The flow out the return port is
QR = QP x (Retract Area/Extend Area)
The flow difference between flow in and flow out is input to PQL array.
PQL(N,2) = QR - QP
and the pressure difference across the piston is input into BLEG array column 5.
DP1 = PR - PH
BLEG(LEG,5) = BLEG(LEG,5) + DP1
Calculation for the actuator moving in the reverse direction is calculated
in a similar manner as above.with EXTA and RETA interchanged as well as QP,
QR, PH and PR.

6.3.4.4 Approximations - The piston leakage resistance is approximated by

200000*(1./(3.1416*PDIA))

6.2.4.5 Limitations - Vot applicable.
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6.2.4.6 DACT4 Variable Names

Variables Description Dimension
ALOAD Actuator load comPression LB
- tension
ALT Altitude FT
BLEG Array containing calculation data -
BRANCHP Dynamic element data storage array -
DENS Fluid density at system temperature and LB/FT3
atmospheric pressure
DPLOAD Load equivalent pressure drop PSID
DPT Net pressure drop PSID
DP1 Calculated AP across piston PSI
D100 Density at 100°F LB/FT3
EXTA Extend area IN2
FCON Piston seal leakage constant PSI/GPM
FLUIDF Viscosity-pressure correction factor at 100°F --
FLUIDK Viscositv-pressure correction factor at fluid -
temperature

FRIC Dvnamic seal friction LB

I Integer counter -

IL Row location in BRANCHP array -
JPIR Piston motion direction indicator -

1 = extend
2 = retract

LINT Internal leg number --

M <ow number in BRANCHP array --

N Branch point number of actuator --
NBP2 Total number of rows in BRANCHP arrav --
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Variables

NL Total number of rows in BLEG and ILEP arravs -

NPQ Total number of rows in PQL array -

NR Branch point number of retract side of actuator -
PAMB Atmospheric ambient pressure PSI
PDIA Piston diameter IN

P Pressure on extend side of piston PS1
PPOS Piston position 0., = full retract IN

PQL Array containing pressure point data -

PR Pressure on retract side of piston PST

QIN Flow into actuator GPM
RETA Piston retract area IN2

STR Max stroke from full retract to full extend IN
TEMP Fluid temperature °F

TY Element tvpe -

VISC Fluid viscosity at atmospheric pressure CENTISTOKES
VPORT Pressure port junction number of valve controlling -

the actuator
V100 Fluid viscosit+ at 100°F CENTISTOKES
. 169
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6.2.4.7 DACT4 Subroutine Listing

-

Ut

SUBROUTINE DACT4(IL,BRANCHP,NBP2,LLEG,NL,PQL,NPQ)
CALCULATES ACTUATOR PRESSURE DROP AND DATE 12/1/79
FLOW GAIN OR LOSS FOR BRANCH POINT
COMON /BLK1/TEMP,VISC,DENS, D100, PAMB,ALT ,FLUIDF,FLUIDK, V100
DIMENSION BRANCHP(1),BLEG(1),PQL(1)
ROW NUMBER IN BRANC:P ARRAY
M=IL
BRANCH POINT NUMBER OF ACTUATOR
N=BRANCHP(M+3*NBP2)
NR=BRANCIIP(.[+4*NBP2)
EXTA=BRANCHP (:i+5%NBP2)
RETA=BRANCHP (:i+6*NBP2)
FRIC=BRANCHP(M+7*NBP2)
ALOAD=3RANCHP (M+8*NBP2)
STR=BRANCHP (:H+9*NEP2)
PPOS=BRANCHP (. [+10*NBP2)
PDIA=BRANCHP(M+11*NBP2)
VPORT=BRANCHP (M+12*NBP2)
LINT=BRANCHP(-+15%NBP2)
IF(BRANCIP(.H3*N3P2).NE.0.)GO TO 1
FCO:I=200000.*(VISC/V100)*(1./(3 1416*PDIA))
BLEG(LINT+11*NL)=FCoOn
RETURN
DO 2 I=1,NBP2
TY=BRANCHP (1)
[ (VPORT .EQ.BRA{CHP(I+2*NBP2) .AND.TY.EN.36.)GO TO 4
IF(VPORT .E0). SRANCHP( I+3*iP2) .AND.TY.EQ.35.)GO TO 4
I£(VPORT.EQ.BRANCHP( I+3*NBP2) .AND.TY.EQ.34.)G0 TO 5
IF(VPURT.EQ.BRANCHP(I+4*NBP2).AJD.TY.EQ.}Q.)GO TO 6
CONTINUE
WKITE(6,3)VPORT
FORMAT(“DACT4 CAN NOT FIND PORT”,F8.3, IN BRANCHP ARRAY”)
JDIR=1
IF(RETA.GT.EXTA)JDIR=2
GO To 7
JDIR=1
IT(BRANCHP(I+14*NBP2) . EN.2.)JDIR=2
GO TO 7
JIIR=2
[F(BRANCIP(I+14*NBP2).EQ.2.)IDIR=1
FLOW INTO ACTUATOR
NEARS(BLEG(LTUT+2%L))
Pii=p)L(N)
PR=P)L(NR)
I5(PHLE0.=1.)Piu=2000.
Loy h=1.)PR=3000,
LA ELOIADSENTA
L LT 0L )DPLOAD=ALOAD/ RETA
MESRERAY SRS I U TV I 4 I
TG oY

170

 — | e



6.2.4.7 (Continued)

8 IF(PR.LT.0.001)PR=0.001

PH=PR* (RETA/EXTA)

DP1=PR-PH

DPT=DP1~DPLOAD
BLEG(LINT+4*NL)=DPT
PQLONR+NPQ)=(-( (EXTA-RETA)/EXTA)*QIN)
RETURN

IF(PR.LT.0.001)PR=0.001

PU=PR* (RETA/EXTA)

DPT=DP1-DPLOAD
BLEG(LINT+4*NL)=DPT

PQL(N+NPQ)=( (EXTA-RETA)/RETA)*QIN
RETURN

END
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6.2.5 Subroutine DPUMS

DPUMS is the dvnamic element model for a variable deliverv pump.
6.2.5.1 Math Model - The variable delivery hydraulic pump generates fluid
flow in response to syste flow demand. The discharge pressure is a function
of discharge flow. The steady state pump model, models the pump characteris-
tic flows and pressures in the pump. The characteristic curves modeled, see
Figure 44 , ave:

(1) The standard flow versus pressure out curve

(2) The characteristic leakage from high pressure back to the pump case

(3) The leakage from the pump case back to the inlet

(4) The pump pressure out versus inlet pressure.
The pump case pressure is the pressure reference used for the pump outlet
pressure. The case pressure in turn is referenced from atmospheric pressure
through the reservoir and back to the pump case.
6.2.5.2 Assumptions - Not applicable.
6.2.5.3 Computations - The following equations were written with flows in gpm
which is consistent with MIL-P-19692C.

The pump physical parameters are initialized from BRANCHP array. The flow
out of the pump is initialized from BLEG array column 3. Using this flow, QT,
the characteristic pressure out is calculated.

Flow < rated flow
POUT=P1-(P1-P2)x(QT/Q2)

Flow > rated flow
POUT=P2-(P2-P3)x ((QT-Q2)/(Q3-Q2))

The leakage flow from high pressure to the pump case is calculated as
QPCD=RCDLA-(.3x{(QT/RQ))
A default value of 1 gpm is used if no RCDLA value is input.

The pump case drain flow (flow out the port) isthe leakage from high
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pressure to the case less the flow that leaks back to the inlet port. There-
fore it is a function of QPCD and the pressure difference between the case
and the inlet. The case drain flow
QCD=QPCDx (1.~ (PC-PS) /RCDSDP)x (V100/VISC)

The default value for RCDSDP is 300 psid. This indicates that if the pressure
difference between the pump case and inlet is greater than or equal to 300 psid,
all the high pressure to case leakage flow goes back to the inlet.

The actual pump out pressure is calculated using the previously calculated
POUT pressure from the characteristic curve and adjusting this to account for the
actual pressure in the case less the case pressure at which POUT was set.

PP=POUT+PC-PSETA

The input values to the PQL array are 1 pressure and 2 flows.

- Pump out pressure PQL(MP3,1)=PP
Suctiun flow PQL(MP2,2)=-QS
Case drain flow PQL(MP1,2)=QCD

QS is calculated as QS=QT4+QCD
The pump outlet pressure versus inlet pressure model is essentially a
cavitating inlet which reduces the output flow.

6.2.5.4 Approximations - Not applicable.

6.2.5.5 Limitations - The model has an instabilitv when iterating
between values on each curve of the flow out versus pressure out graph in

Figure 44, Care must be taken in choosing an operating point that is on one

curve or the other.
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6.2.5.6 DPUM5 Variable Names

ALT
BLEG
BRANCHP
DENS
D100
FLUIDF

FLUIDK

IL

ILEP

LEG
MP1
MP2
MP3

MP4

NBP2
NL
NPQ
PAMB
PC
POLD

POUT

Description

Altitude

Array containing calculation data

Dynamic element data storage array

Fluid weight density at atmospheric pressure
Weight density at 100°F

Viscosity-pressure correction factor at 100°F

Viscosity-pressure correction factor at fluid
temperature

Integer counter
Row location in BRANCHP array

Array of leg numbers with the corresponding
pressure on each end

Leg number (row in BLEG array)
Suction pressure point number
tressure port pressure point number
Case drain port pressure point number

Upstream pressure point number for suction inlet
leg

Total number of rows in BRANCHP array

Total number of rows in BLEG and ILEP arrays
Total numter of rows in PQL array
Atmospheric ambient pressure

Previous calculated pump case pressure
Previous calculated outlet pressure

Calculated pressure out of pump
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af

Variables Description Dimension
POUTT Calculated pressure out of pump PSI
PP Corrected pressure out of pump PSI
PP2 Adjusted P2 pressure with reference to case PSI
pressure
PQL Array containing pressure point data -
Ps Previous calculated suction pressure PSI
PSDEL Suction pressure difference PSID
PSET Case pressure at which rated condiﬁions are set PSI
PSETA Default for case set pressure PSI
PSM Minimum suction pressure PSIG
PSMIN Minimum suction pressure PSIG
PSMINA Default for minimum suction pressure PSI
PSMINO Minimum suction pressure PSIA
PT Absolute suction pressure PSIA
Pl Pressure at O pump flow PSI
P2 Pressure at pump rated flow PSI
P3 Pressure with 0 system resistance PSI
QCD Flow out case drain port GPM
QOLD Previous calculated flow out of pump GPM
QouT Pump pressure port flow rate GPM
OPCD lLeakage flow from high pressure to case GPM
Qs Inlet flow to pump GPM
01 Flow with infinite svstem resistance GPM
Q2 Rated pump flow GPM
03 Flow with 0 system resistance GPM
176




Variables Description Dimensions

RCDL Default case drain flow GPM 1
RCDLA Rated case drain flow GPM
RCDP Rated pressure difference between case and suction PSID
RCDSDP Default pressure difference between case and PSID
suction
RPM Pump RFM RPM ‘
RQ Rated flow at rated rpm GPM
RRPM Rated pump rpm RPM
TEMP Fluid temperature °F
VISC Fluid viscosity at atmospheric pressure CENTISTOKES
V100 Fluid viscosity at 100°F CENTISTOKES

177




6.2.5.7 DPUM5 Subroutine Listing

SUBRQUTINL DPUS( IL,BRANCHP,NBP2,BLEG,NL,PQL,NPQ, ILEP)
C CALCULATES PUMPOUT PRLSSURE, CASE DRAIN FLOW
C AND SUCTION FLOv REV 12/01/79

COMITON /BLK1/TEMP,VISC, DENS,D100,PAMB, ALT ,FLUIDF,FLUIDK,V100

DIMENSION ILEP(1) ,BRANCHP(1),BLEG(1),PQL(1)

RPM=BRANCHP! IL+7*NBP2)

LF(RPM.LE.O. ) RETURN

MP1=BRANCHP! I1+4*NBP2)

MP2=BRANCHP( IL+5*NBP2)

MP3=BRANCHP( IL+5*NBP2)

LEG=BRANCHP( TL+16*NBP2)

QOLD=ABS ( BLEG({ LEG+2*NL) )

BRANCHP{ IL+17*NBP2)=QOLD

POLD=P{L{MP2)

RRPv=BRANCHP( IL+8*NBP2)

RQ=BRANCHP( IL+9*NBp2)

PSET=BRANCHP( IL+15*NBP2)

PSETA=50.

IF(PSET.GI'.0. ) PSETA=PSET

P1=BRANCHP( IL+10*NBP2)

P2=BRANCHP({ IL+11*NBP2)

PSMInE=BRANCHP( IL+12*NBP2)

RCDP=BRANCHP( IL+13*NBP2)

RCDL=BRANCHP( IL+14*NBP2)

PC=PQL(MP3)

IF(PC.£Q.-1.)PC=100.

P3=0.

Q1=0.

Q2=RQ*RPM/RRPM

BRANCHP( IL+13*NBP2)=0Q2

Q3=1.05%Q2

PS=PQL(#P1)

IF(P5.EQ.-1.)PS=50.

PT=PS+PAMB

RCDLA=1.

IF (RCDL.GT.0.) RCDLA=RCDL

QPCD=RCDLA~{ .3* (QOLD/Q2))

IF(QECD.LT.0. )QPCD=0.

RCDSDP=300.

IF(RCDP.GI'.0. ) RCDSDP=RCDP

QCO=QHCD* (1.~ (PC=PS) /RCUSDP) * (V100/VISC)

IF(QCD.LT.0Q. )QCD=0.

PQL(MP3+NPQ) =QCD

W TO 1

IF(BRANCHP( IL+19*NBP2) . £Q.2.)G0 0 3

IF{BRANCHP! IL+4*NBP2) .£Q.0.)G0 TO 1

IF (BRANCHP( IL+4*NBP2) .EQ.1.)GO 10 2

1 QS=QOLD+QCD

POL(MPL4+NPQ) =—0Q5

POUT=F1-( (PL-P2)* (QULD/Q2) )

178

fm &

TRg

E'-.




6.2.5.7 (Continued)

POUTT=POUT+PC~PSETA
IF (POUTT.LT. PC) POUTT=PC
PQL(MP2)=POUTT
GO TO 7
2 PP=POLD-PC
PP2=p2-PC
QOUT=Q3~(PP/PPZ) * (Q3-Q2)
QS=QOUT+QCD
PQL(MP1+NPQ)=-QS
PQL(MP2+NPQ) =Q0UT
GO 10 7
3 DO 4 I=1;NL
IF(MP1.EQ.ILEP(I+NL))G0 TO §
4 CONTINUE
5 QS=BLEG(I+2*NL)
IF(QS.LT.QCD)QCD=Q5
IF(QS.LT.0.)QCD=0.
QOUT=QS~QCD+. 000001
IF(QS.LT.0. )QOUT=.000001
PQL( MP2+NPQ) =QOUT
PQL(MP3+NPQ) =QCD
PSMINA=25.
IF(PSMIN.GT.0. ) PSMINA=PSMIN
PSMINO=10.
PSDEL=PSMINA-PSMINQ
IF(PSDEL.LT.1.)PSDEL=1.
POUT=(QS/(Q3-Ql) ) *PSDEL+( PSMINO-PAMB)
IF(QS.GT.(Q3-Ql) ) POUT=PSMINA-PAMB
IF(QS.LE.0. ) POUT=PSMINO-PAMB
PSM=PSMINO-PAMB
IF({POUT.GT.PSM)G0 TO 6
MP4=( ILEP( I+NL))
IF(POUT.GT. PQL(MP4) ) POUT=PQL(MP4 )
6 PQL(MP1)=POUT
7 RETURN
END
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6.2.6 Subroutine DFIL6

DFIL6 is the dynamic element model for a hydraulic filter assembly.
6.2.6.1 Math Model

The filter model may be either a bypass type or non-bypass type, see
Figure 45. The effect of the filter port frictional resistance is cal-

culated in SCONST2. SCONST2 also calculates the energy loss due to the

sudden expansion into the volume and the sudden expansion out of the volume.

The loss due to the filter element is calculated by DFIL6.

Junction 1

{Always “In’’ Port) ™Y Junction 2
! In Out t
B>
Size 1 -/ \ Size 2

Press
Drop | -~ T——77 Rated flow
(PSI) and AP

Flow
(GPM)

Clean Element

FIGURE 45
FILTER
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6.2.6.2 Assumptions - Not applicable.
6.2.6.3 Computations
The input data parameters are initialized from BRANCHP arrav. A

test is made to determine if flow is through the filter in the normal
flow direction. If the flow is reversed the pressure drop is higher
than the normal flow direction. This pressure drop is approximated by

PDT = (50./D1) x Q
In the normal flow direction, the fluid volume is converted to an ecuiva-
lent area for calculation of the expansion and contraction energyv loss.
These values are converted to pressure drop in psi. The element pressure
drop is calculated from the input clean element ratings. The pressure
drop is corrected for viscosity where

PDEL = CDP » (Q/CDQ) x (VISCP/RVIS)
If a contaminated element factor is used,

CF = (1.-CONTAM)
Then the pressure drop term hecomes

PDT = PDEL/CF
A test is next miade to see if the PDT pressure drop exceeds the bvpass
allowed pressure drop. Using an equivalent orifice flow equation, the
element and the bypass are calculated as parallel flow orifices.
6.2.6.4 Approximations -~ Not applicable.

6.2.6.5 Limitations - Not applicable.
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5.2.6.6 DFIL6 Variable Names

Variable Description Dimension
A Flow direction multiplication factor -
ALT Altitude FT
BLEG General purpose array -
BPD Bypass pressure drop -
BRANCHP Dynamic element data storage array -
CDP Filter element rated pressure drop PSI
CDQ Rated flow of clean element GPM
CF Contamination factor --
CONTAM Contamination factor -
DENP Fluid weight density at system pressure LB/FT3
DENS Fluid weight density at atmospheric pressure LB/FT3
DI Assembly direction indicator -
DPi Pressure drop through filter element PS1
DRPD Difference between bypass pressure drop and PSID

rated pressure drop

D1 Port 1 diameter IN
D100 Weight density at 100°F LB/FT3
D2 Port 2 diameter IN
EQD Equivalent diameter IN
FLUIDF Viscosity-pressure correction factor at 100°F -
FLUIDK Viscosity-pressure correction factor at -
fluid temperacure
FV Filter assembly fluid volume IN3
F2 Intermediate calculation of bypass flow rate -
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Variable

IL

LEG

NBP2

PAMB
PDEL
PDT
PDL
PD2

PEL

Q
Ql
Q2

RK1

RK2

RPD

RVIS
SKB<
SKSB
TEMP
VISC

V100

Description Dimension

Row location in BRANCHP array -—

Leg number

Row in BRANCHP array

Total number of rows in BRANCH. array -

Total number of rows i
Atmospheric ambient pr
Actual filter element
Total pressure drcp
Entrance pressure drop
Exit pressure drop

Corrected filter eleme
contamination

n BLEG array -—

essure -
pressure drop PS1
PS1I
PSI
PSI

nt pressure drop with -

Leg flow GPM
Calculated flow through filter element GPM
Calculated flow through bypass relief GPM
Calculated resistance factor for rated pressure --

drop

Calculated resistance factor for DRPD --

Rated pressure drop PS1
Rated viscosity CENTISTOKES
Function to calculate exit pressure drop -
Function to calculate entrance pressure drop -

Fluid temperature °F

Fluid viscositv at atmospheric pressure CENTISTOKES
Fluid viscositvy at 100°F CENTISTORES
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6.2.6.7 DFIL6 Subroutine Listing

SUBROUTINE DFIL6/IL,BRANCHP NBP2,B3LEG,NL)
C DYNAHIC RrSISTANCE FOR FILTER DATE 12/1/79
COrdON /BLK1/TEMP,VISC,DENS, D100, PAMB,ALT, FLUIDF, FLUI DK, V100
DIENSION BRANCHP(1) ,BLEG(1)
M=IL
LEG=BRANCHP( 11+20*NBP2)
D1=BRANCHP(i+3*NBpP2)
D2=BRANCHP( M+4*NBP2)
FV=BRANCHP{ M+5*NBP2)
CDQ=BRANCHP( 11+6 *NisP2)
CDP=BRANCHP{ M+7*NBP2)
RVIsS=BRANCP(M+3*NBP2)
CONTAI=BRANCHP{ M+9*NBP2)
RPD=BRANCHP( #+10*NBP2)
BPD=BRANCHP(+11*NBP2)
DI=BRANCHP(M+12*NBP2)
Q=BLEG( LEG+2*NL)
A=},
IF(Q.GE.0..AND.DI.EDQ.1.)GO TO 2
IF(Q.LT.0..AND.DI . £Q.2.)G0 TU 1
IF(Q.LT.0..AND.DI.EQ.1. JA=-1.
GO T0 3
A=-1.
2 EQD=1.2407*Fyx*(1,/3.)
PD1=SKs3(D1 ,EQD, DENP) *Q**2
PD2=3KBS{ EQD, D2, DENP Y *Q* %)
PDLL=CDP* (Q/CDQ) * (VISC/RVIS)
CF=.0001
IF(CONTAM .LT.1.)CF=(1.~-CONTAM)
PrL=PDEL/CF
POT=PEL+PD1+PD2
IF{(8PD.£Q.0.)GO TO 4
IF(PLL.LE.RPD)QO 'TO 4
ORPD=BPD~RPD
RK2=( DRPD/ (CDiy*CDQ) ) * { (VISC/RVIsS)** . 25) * ( DENP/DENS)
RK1=(CDP/CDQ) *{ VISC/rVIS) *{ DL.NP/DENS ) /CF
F2=SQRT( ((RK1/RK2) **2)=4.*( (RPD~RK1*Q) /RK2) )
Q2=(~(RK1/RK2)+F2)/2.
Q1=0-2
DP1=RK1*Ql
PUI=(DP1+PD1+pPD2)*A
GO TO 4
3 POT=(50./D1)*Q*A
4 BLEG{LEG+11*NL)=BLEG( LEG+11*NL)+ABS( PDL/Q)
RETURN
END

p—t
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6.2.7 Subroutine DACC7

Gas Charge
/Valve
c ad ’I

' [
¢ 1 Fixed Fl
1 G ixed Flow
; * 5 In or Out of Port
q # Fixed Pressure
ﬁ ; I - at Port
N Prsron D
N E.S:“Ey, V Leg Leg
Size 1
Junction 1
Accumulator Flow Point Pressure Point
Element Type 7 Element Type 7 Element Type 7
Ind Type 1 and 3 Ind Type 4 Ind Type 2
ELEMENT TYPE 7 - ACCUMULATOR
GP79.0981.33

FICURE 46

The tvpe 7 accumulator is used also for fixed flcws and fixed pressures;
see Figure 46. Subtype 1. is a passive (static) accumulator where no flow is
in the leg to the accumulator and the accumulator pressure is the same as the
pressure at the point where the leg branches off to go to the accumulator.
Subtype 2. is a fixed pressure point and maintains this pressure regardless of
the flow in the leg leading to or away from the point. This point has to be an
end point in the system and cannot be an intermediate point between 2 elements.
Subtype 3. is a dynamic accumulator. An accumulator may be a piston type,
bladder type, or an air to oil type. Any of these types can be input as Type 7
because an accumulator power capability is based on the precharge gas volume,
fluid minimum and maximum volume and 1nitial pressure or initial fluid volume

are used only when the dvnamic accumulator is used. Subtype 4. is a fixed flow
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point with similar restrictions as the Subtype 2. This point will maintain the

constont flow regardless of system conditions or changes in system conditions.

When a call to DACC7 subroutine is made the program flow is routed to the

appropriate section through the subtype indicator.

SUBTYPE

1.

SUMMARY OF ELEMENT TYPE 7.

SUBTYPE OPTISNS

STATIC PRESSURE POINT

FIXED PRESSURE POINT

DYNAMIC PRESSURE POINT

FIXED FLOW POINT
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DESCRIPTION

PRESSURE WILL BE CALCULATED AT PRESSURE
POINT

SETS PRESSURE AT PRESSURE POINT
PRESSURE AND/OR VOLUME IS SET AT
PRESSURE POINT AND UPDATED DURING
PROGRAM CALCULATION

FLOW IS SET AT PRESSURE POINT
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6.2.7.1 DACC7 Variable Names

Variables

BRANCHP

IL

J

NBP2

NPQ

PQL

Description

Array containing dynamic element
data

Row location in BRANCHP array
Element sub-type

L Static accumulator

2 Fixed pressure point

3 Dynamic accumulator

4 Fixed flow point

Pressure point number

Total number of rows in BRANCHP
array

Total number of rows in PQL array

Array of pressure points, flows and
port numbers
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6.2.7.2 DACC7 Subroutine Listing

SUBROUTINE DACCT(IL,BRANCHP,NBP2,PQL,NPD)
C DYNAMIC ACCUMULATOR--FIXED FLOW OR PRESSURE POINT
C 12/01/79
DIMENSION BRANCHP(1),PQL(1)
N=BRANCHP( IL+2*NBP2)
J=BRANCHP( IL+3*NBpP2)
GO T0 (4,1,2,3),J
1 PQL(N)=BRANCHP! IL+4*NBP2)
RLTURN
2 PQL!/N)=BRANCHP{ IL+10*NBP2)
RETURN
POL I N+NPQ) =BRANCHP ( IL+4*NBP2)
R TURN
LiND

W

W,
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6.2.8 Subroutine DRESV

DRESV is the dynamic subroutine for calculating the reservoir internal

pressure and bootstrap flow. Type 9 flow through reservoir tvpe 91 appendix

reservoir and tvpe 92 constant pressure reservoir are defined in this subrou-

tine. A type 9 reservoir, Figure 47,

flows include the flow in the return

port and the flow out of the suction port to the pump. The flow in the

bootstrap line is dependent on the difference between the flow in and flow

out. Since the type 91 reservoir has only one low pressure port, the flow

in the bootstrap line is directly dependent on this one flow. The calculated

internal pressure is dependent on the bootstrap pressure and is also refer-

enced to the external atmospheric pressure.

For a type 92 reservoir, the

internal pressure is hceld constant bv an independent source.

’ AHP

Vent
to Atmosphere

High Pressure Seal

Piston Seal

Ty

L
o

Pistons s - -

PATM Atmospheric Pressure {psi)

AHP . High Pressure Area (in * "2}

ALP Low Pressure Area (in." 2)

FR Frnctional Force (Ib)

QR - Return Flow (gpm)

QS - Suction Fiow to Pump {gpm)

PBS Bootstrap Pressure (psi)

PR Reservorr Pressure {psi)

ALT Aititude (ft}

PALT - Pressure at Altitude (pst)

PDEL - Pressure Difference at Altitude (pst)
FLP - Force of Internal Reservoir Pressure (Ib)
FHP Force of Bootstrap Pressure (i)

FATM Force of Atmospheric Pressure (Ib)
FSFR - Equivalent Force Resistance of Seal Friction (Ib)

FIGURE 47

Piston Force Balance

FHP

VHVARSII YN

FSFRI

FLP

Pressure at Altitude

" 0.0036 x ALT
PATMO.182 (1 - )

519

5.208
PALT +

Force Balance

FLP = FHP + FATM + FSFR
FLP - PR x ALP
FHP = PBS x AHP
FATM = (ALP - AHP) x PALT
FSFR = 10 x {Sum of Dynamic Seal Ods)
PDEL = PATM - PALT
PR = (PBS x AHP - (PDEL x {ALP - AHP) ¢ FR)

ALP

FLOW THROUGH RESERVOIR
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6.2.8.1 Math Model - The reservoir model includes the parameters shown in
Figure 47. The model is basically a force balance on the reservoir piston.
The direction of piston motion is obtained by comparing flow in and flow out
for the flow through reservoir and the flow direction for the appendix reser-
voir. When the piston direction is determined, the flow direction for the

bootstrap 1s determined.

6.2.8.2 Approximations - Not applicable.

6.2.8.3 Computations - The reservoir physical parameters are initialized from
BRANCHP array. For an appendix reservoir, an energy loss term for the flow in or
out of the volume is calculated because the flow direction in the appendix line
is not fixed.

Referencing to a standard atmosphere, the pressure at altitude is cal-
culated and PDEL is

PDEL=PATM-PALT
The previous iteration bootstrap pressure is used in calculating the internal
reservoir pressure. Based on the piston direction, the friction term always
opposes the direction of motion.
The internal reservoir pressure is calculated as
PR= (PBSXAHP- (PDELx (ALP-AHP) )+FR) /ALP

The calculated reservoir internal pressure is input to PQL array to be
used as a fixed pressure for the iteration. The same pressure is used for the
flow through reservoir suction pressure at the reservoir. A calculation is
made for the flow in the bootstrap line as

QL=(QR-QS)x (AHP /ALP)

For an appendix reservoir QS=0. This value is input to PQL array column 2
as a flow gain or loss.
6.2.8.4 Assumptions ~ Not applicable.

6.2.8.5 Limitations - Not applicable.
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6.2.8.6 DRESV Variable Names

Variable

AHP

ALP

ALT

BLEG

BRANCHP

DENP

DENS

DIAO

DIAR

DP

D100

EL

FLUIDF

FLUIDK

FR

IL

J1

J2

LR

M2

M3

' M4

Description

High pressure area

Low pressure area

Altitude

:eneral purpose array

Dynamic element data storage array

Fluid weight density at system pressure
Fluid weight density at atmospheric pressure
Diameter of previous element

Reservoir piston diameter

Energy loss pressure drop

Weight density at 10QQ°F

Energv loss coefficient

Viscosity-pressure correction factor at 100°F

Viscosity-pressure correction factor at fluid
temperature

Piston friction force

Row location in BRANCHP array
Bootstrap pressure point number
Return/suction pressure point number
Return leg number

Bootstrap pressure point number
Return port leg number

Suction port leg number

Return port pressure point number
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FT

IN
PSI
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Variable
M5

\NBPZ

NL

NPQ

PALT
PAMB
PATM

PBS

PDEL

PQL
PR
PRO
PRD
0l
OR
Qs
SKBS
5KSB
TEMP
Ty
VISC

V100

Deseription
Suction port pressure point numper
Total number of rows in BRANCHP arrav
Total number of rows in BLEG arrayv
Total number of rows in POL arrav
Atmospheric pressure at altitude
Atmospheric ambient pressure
Atmospheric pressure
Bootstrap pressure

Difference between standard and atmospheric
pressure

Array of pressure points, flows and port numbers
Internal reservoir pressure

Previous calculated pressure

Previcus calculated reservoir pressure
Leakage flow rate in bootstrap pressure line
Return port flow

Suction port flow

Function to calculate exit pressure drop
Function to calculate entrance pressure drop
Fluid temperature

Element tvpe

Fluid viscosityv at atmospheric pressure

Fluid viscosity at 100°F
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PSIA
PSI
PS1
PST

PSI

PSSl
GPM
GPM

GPM

CENTISTOKES

CENTISTOKFES
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6.2.8.7 DRESV Subroutine Listing

SUBROUTINE DRESV(TY,IL,BRANCHP,NBP2,BLEG,NL,PQL,NPQ)
CALCULATES DYNAMIC RESISTANCE AND INTERNAL
RESERVOIR PRESSURE DATE 12/01/79

COMMON /BLK1/TEMP,VISC, DENS,D100, PAMB ,ALT, FLUIDF,FLUIDK,V100

DIMENSION BLEG(1),PQL(1) ,BRANCHP(1)

IF(TY.EQ.Y91.)GO TO 1

IF(TY.EQ.92.) GO TO 11

FR=BRANCHP( IL+9*NBP2)

M1=BRANCHP({ IL+5*NBPF2)

PBS=PQL(M1)

IF(PBS.EQ.(~1.))PBS=3000.

ALP=BRANCHP( IL+8*NBP2)

AHP=BRANCHP( IL+7*NBP2)

M2=BRANCHP( IL+10*NBP2)

M3=BRANCHP( IL+12*NBP2)

QR=BLEG(M2+2*NL)

QS=BLEG(M3+2*NL) *BRANCHP( IL+13*NBP2)

G0 TO 5

1 0s=0.

ALP=BRANCHP({ IL+6*NBP2)

AHP=BRANCHP( IL+5*NBP2)

LR=BRANCHP( IL+9*NBP2)

QR=BLEG( LR+2*NL)

DIAO=BLEG( LR+3*NL)

FR=BRANCHP( IL+7*NBP2)

J1=BRANCHP{ IL+4*NBP2)

PBS=PQL(J1)

J2=BRANCHP( IL+3*NBP2)

PRO=PQL(J2)

IF(PRO.EQ.~1.)PRO=50.

IF(PBS.EQ.(-1.))PB5=3000.

DIAK=(ALP/ . 7854)** .5

IF(QR)2,5,3

2 EL=SKBS(DIAR,DIAQ,D100)
GO TV 4

3 EL=SKSB(DIAO,DIAR,D100)

4 DENP=(1.+PRU/200000. ) *DENS

DP=EL* (DENP/D100) *QR*QR

BLEG( LR+4*NL)=BLEG( LR+4 *NL)-DP

5 CONTINUE

PATM=14.6999

PALT=PAMB

PDEL=PATM-PALT

IF(ABS(PDEL) .LT. .001)PDEL=0.

IF(JR-05)6,7,8

6 PR=( PB3*AnP-( PDEL* (ALP~AHP) )~-FR)/ALP

GO 10 9

7 PR=( PBS*AHP~-( PDEL* (ALP-AHP) ) } /ALP
GO TO 9
8 PR=(PBS*AHP-(PDEL* (ALP~AHP) )+FR) /ALP
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6.2.8.7 (Continued)

9

10

11

CONTINUE
IF(TY.EQ.91)G0O 10 10
QL=(QR-QS) * (AHP/ALP)
PQL{M1+NPQ)=QL

M4=BRANCHP( I L+4*NBP2 )
M5=BRANCHP( IL+6*NBP2)
PQL(M4)=PR

PQOL(M5)=PR

RETURN

PQL(J2)=PR

PQL(J1+NPQ) =QR* (AHiP/ALP)
RETURN

CONTINUE

M1=BRANCHP( IL+3*NBP2)
PQL(M1)=BRANCHP ( IL+5*NBP2)
M1=BRANCHP( IL+4*NBP2)
POL(M1)=BRANCHP!{ I L.+5*NBP2)
RETURN

END
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6.2.9 DPECl0 Subroutine

The DPEC10 subroutine is used in SSFAN to allow the use of special
elements in a hydraulic system that cannot be described by the other
element subroutines. Values of flow versus pressure drop for an element
at a specific temperature and viscosity are read into the BRANCHP array. The
DPEC10 subroutine, in conjunction with INTERP, returns a pressure drop for
a given element, temperature, viscosity and flow.
6.2.9.1 Math Model

The maximum number of data points for flow vs PD is six at a temperature
and viscosity. Extrapolation for values greater than the data points are
allowed. The pressure drop for the element is corrected for viscosity

before it is returned to the main program by the following equation.

VISC -2
PD = PD Program (1)
Program From DPEC10 VISC

Element

6.2.9.2 Assumpticns - Not Applicable.
6.2.9.3 Computations
The DPEC10 subroutine is called from TTL subroutine. The DARR subroutine is

called to place the viscosity and temperature data for the special element into two

arrays FARRl and FARR2. For only two data points linear interpolation is
used and IDEG is set to 10. Otherwise the call to INTERP for the elements
current flow in the leg (Q) contains a second degree interpolation. This
pressure drop from INTERP is viscosity corrected by equation (1) and program
control is transferred to TTL.

6.2.9.4 Approximations - Not applicable.
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6.2.9.5 Limitations

DPEC10 is a versatile subprogram that allows the addition of any

specially made element in a hydraulic system, if the element is modeled

correctly.

6.2.9.6 DPEC10 Variable Names

Variable Description Dimension
ALT Altitude FT
BLEG General purpose array -
BRANCHP Dvnamic element data storage array --
CK Calculated resistance coefficient for single -
data point input
DENS Fluid weight density at atmospheric pressure LB/FT3
DP Pressure drop corrected for viscosity effects PST
DP1 Pressure drop uncorrected for viscositv effects PS1
D100 Weight density at 100°F LB/FT3
FARR1 Dummy array for flow data -—
FARR2 Dummy arrav for pressure drop data -
FLUIDF Viscositv-pressure correction factor at 100°F -
FLUTDK Viscosity-pressure correction factor at fluid --
temperature

IDEG Degree of interpolation -
IL Row location in BRANCHP array -
IND Solution indicator

= (0 Normal interpolation -

= 1 Extrapolation outside of data range
K Integer row number in BRANCHP arrav -
LEG [.eg number —_—
M Number of data points -
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Variable

M1

NBP2
NL

PAMB

RQ
TEMP
VISC

V100

Description

Locator for BRANCHP to determine if linear
interpolation should be used

Total number of rows in BRANCHP array

Total number of rows in BLEG array

Atmospheric ambient pressure

Leg flow rate

Rated pressure drop for single data point input
Rated flow for single data point input

Fluid temperature

Fluid viscosity at atmospheric pressure

Fluid viscosity at 100°F
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Dimension

PST
GPM
PSI
GPM

°F

CENTISTOKES

CENTISTOKES




6.2.9.7 DPEC10 Subroutine Listing

SUBROUTINE DPEC10(IL,BRANCHP,NBP2,BLEG,NL)
DYNAMIC RESISTANCE FOR SPECIAL ELEMENT DATE 6/28/78
DIMENSION BRANCHP(1),BLEG(1)
DIMENSION FARRL(6),FARR2(6)
COMMON /BLK1/TEMP,VISC,DENS D100, PAMB,ALT ,FLUIDF, FLUIDK, V100
DATA FARR],FARR2/12%0./
K=IL
LEG=BRANCHP{ K+20*NBP2)
M=BRANCHP ( K+6*NBP2)
M1=T7+(2%M)
Q=ABS ( BLEG( LEG+2*NL) ) +.000001
IDEG=20
IF(BRANCHP(K+41*NBP2) .GT.0. .AND.M.LT.6)IDEG=10
IF(M.£Q.1)Q 10 2
IF(M.EQ.2)IDEG=10
CALL DARR(FARR],FARRZ2,r K,BRANCHP,NBP2)
CALL INTERP(Q,FARR2,FARR],IDEG,M,DP1, IND)
1 DP=DP1* ((VISC/BRANCHP(K+5*NBP2))**,25)
IF (IDEG.EQ.10)DP=DP1* (VISC/BRANCHP(K+5*NBP2) )
DP=DP/Q
BLEG(LEG+11*NBP2) =BLEG( LEG+11*NBP2) +DP
RETURN
2 RP=BRANCHP (K+7*NBP2)
RO=BRANCHP( K+8*NBP2)
CK=RP/RQ**2
DP1=CK*Q*Q)
IF(IDEG.EQ.10)DP1=(RP/RQ)*Q
GO T01
END
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6.2,10 Subroutine DTEE24

DTEE24 is the dynamic element model for a tee,
6.2,10,1 Math Model

When DTEE24 is called from TTL subroutine, the connecting ports to

the tee are initialized for the assembly direction and connecting les

numbers, The flow into each port and the port area and fluid velocity

are also calculated, A test is made for flow direction, then the ener,-y

loss for combining or dividing flow is calculated., Fipure 48 shows ‘i

tee and its branch point representation,

4 + +

Junction 1—/- —] | fp—— X—Junction 3
|
|

k Junction 2

(The Branch of the Tee is Always Junction 2)

- -

T TV T Y

The Six Flow Conditions for a lee in I'MEi24

FIGURE 48

TEE
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6.2.10.2 Assumptions - See Appendix C,
6.2.10.3 Computations

The method of derivation for the tee and cross element flow dividing
and flow combining energy losses is shown in Appegdix C.

6.2.10.4 Approximaticns - See Appendix C.

6.2.10.5 Limitations - Not applicable.

:
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6.2.11 Entry DCRO25

DCRO25 is called from TTL and is similar to DTEE24. The connecting ports
are initialized for assembly direction and connecting leg numbers. The previous
calculated flow rates are initialized for the flow rate and flow direction in
each leg. Using this information the energy loss for combining or dividing flow
is calculated similar to the tee calculation as shown in Appendix C. There are
fourteen flow conditions for the cross. The cross and tee are both represented

as one branch point during dynamic calculation.
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6.2.11.1 DTEE24 ~ DCRO25 Variable Names

Variable Description Dimension
A Port area IN2
ALT Altitude FT
B Array for marking beginning or end of leg -
at junction :
BLEG Array containing calculation data -
BRANCHP Array containing dynamic element data -
DENS Fluid weight density at atmospheric pressure LB/FT3
DI Flow direction indicator -
DP Calculated pressure drop PSI
D100 Weight -density at 100°F LB/FT3
FLUIDF Viscosity-pressure correction factor at 100°F -
FLUIDK Viscosity-pressure correction factor at fluid -
temperature
1 Integer counter -
IL Row location in BRANCHP array -
M Integer counter -
N Array for leg numbers -
NBP2 Total number of rows in BRANCHP array -
NL Total number of row-. in BLEG array -
PAMB Atmospher%c ambient pressure PSI
Q Fluid flow rate (see Appendix C) GPM
0 Fluid flow rate (see Appendix C) GPM
Ql Fluid flow rate (see Appendix C) GPM
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Variable Description Dimension

Q2 Fluid flow rate (gee Appendix C) GPM
TEMP Fluid temperature °F

Y Fluid velocity (see Appendix C) FT/SEC

VO Fluid velocity (see Appendix C) FT/SEC

vl Fluid velocity (see Appendix C) FT/SEC

V2 Fluid velocity (see Appendix C) FT/SEC
V100 Fluid viscosity at 100°F ) CENTISTOKES
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6.2.11.2 DTEE24 - DCRO25 Subrouting Listing

o @

10
1

12

13

14

SUBROUTINE DTEE24(IL,BRANCHP,NBP2,BLEG,NL)
DYNAMIC RESISTANCE FOR TEE REV 12/10/79

DIMENSION N(3),DI(3),Q(3),A(3),V(3)

COMMON /BLK1/TEMP,VISC,DENS, D100, PAMB,ALT, FLUIDF,FLUIDK, V100

DIMENSION BRANCHP(1),BLEG(1)

Do 1 1=1,3

N( I)=BRANCHP( IL+( 6+1) *NBP2)

B=BRANCHP( IL+(9+I)*NBP2)*2.-1.

Q(1)=BLEG(N{I}+2*NL)

A(I)=(BRANCHP(IL+(3+I)*NBP2)**2)* 7854

V(I)=( (ABS(Q(1))*231./60.)/A(1))/12.

DI(I)=B*Q(I)

QII)=ABS{Q(I))

CONT INUE

IF(DI(1)*DI(2)*DI(3))2,11,14

IF(DI(2).GT.0.)G0 TO 3

GO TO 6

IF(DI(1).GT.0.)30 TO 4

GO TO S5

V0=V(3)

v1=v(1)

V2=V(2)

GO TO 7

V0=v(1)

V1=v(3)

V2=V(2)

GO TO 7

VO=V{2)

vl=v(1)

v2=vV(3)

DP=.68*VO*# 2+, 18*V1** 2+ 55025 * 2 36*V0*V]~, 209 7¥V0*V2

G 10 9

DP=VO**2+,55%V]1**24 55%y2&22- 209 7*V0* (V1+V2)

DP=(DP*DENS)/(144.%32.2)

DO 10 M=1,3

IF(DI(M).LT.0.)BLEG(N(M)+4*NL)=BLEG{N(M)+4*NL)~DP

CONTINUE

RETURN

IF(DI(2).EQ.0.)RETURN

IF(DI(2).Gr.0.)G0 TO 12

V0=V 2)

vi=v(l)

IF(DIM1).EQ.0.)V1=VI3)

GO TO 13

v0=vil)

IF(DI(1).EQ.0.)V0=V(3)

V1=V( 2)

DP=,5%V0* %24+ 554y 4% 2= 209 7AV0*V]

GO U 9

IF(DI(2).LT.0.)G0 ‘O 15
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6.2.11.2 (Continued)

GO TO 18

15 IF(DI(1).LT.0.)Q0 TO 16
GO 0 17

16 VO=V(3)
V1=V(2)
V2=v(1)
Q0=Q(3)
Q1=Q( 2)
Q2=Q(1)
& TO 19

17 v0=V(1)
V1=v(2)
V2=V(3)
Q0=Q(1)
Q1=Q(2)
Q2=Q(3)
GO TO 19

18 V0=V(2)
vi=v(1)
V2=vV(3)
Q0=Q( 2)
Q1=Q(1)
Q2=Q(3)
GO TU 20

19 DP=,3%V1%*#*2+ 48*V2**2+V0**2-2  *VO* ((V2*Q2+V1*Q1)/Q0)
GO 1O 9

20 DP=.3%V1**24 3*V2%%24+V(** 2~ 466*V0* ( (V1*Q1+V2*02)/Q0)
GO T 9
ENTRY DCHROZ25
RETURN
END
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6.2.12 Subroutine DVS034

DVS034 is the dynamic subroutine for calculating the internal resistance
or losses for a type 34 (four way three position valve), a type 35 (three-way-
two position valve), a type 36 (2 way-two position valve), a type 37 (flow
regulator), and a type 38 (orifice sizer).
6.2.12.1 Math Model

The type 34 valve model is shown in Figure 49. Five internal flow
paths are considered in the valve. There are three positions identified as

control code 1, 2 and 3.

P R P R P ‘ 1R
c3 c4 c3 ca c3ll Tca
CONTROL CODE 1 CONTROL CODE 2 CONTROL CODE 3

TYPE 34 VALVE
Figure 49
Using control code 1, pressure is ported to C3 and C4 is ported to return.
Leakage flow is from pressure to return and high resistance are placed in the
legs from P to C4 and C3 to R. Leakage flow is considered to be laminar and
normal flow through the valve is considered turbulent. When control code 2 is
used, pressure is ported to C4 and C3 is ported to return. High resistances
are placed in the legs from P to C3 and C4 to return. With control code 3 the
valve is closed with high resistances placed in all legs. Leakage flow is considered
to be from P to R and may be input by the user.
The type 35 valve, Figure 50, has three internal flow paths and two control

codes (1 and 3).
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3

<
<
<
g

c C

CONTROL CODE 1 CONTROL CODE 3

TYPE 35 VALVE
Figure 50

Control Code 1 ports pressure to C and Control Code 3 ports C to
Return.
The type 36 valve, Figure 51, has only one internal flow path,

but has two control codes (1 and 3). It is a simple on-off type valve.

P R 1:L R
Lwred

CONTROL CODE 1 CONTROL CODE 3
TYPE 36 VALVE
Figure 51

The type 37 flow regulator and type 38 orifice sizer are similar, except
the orifice sizer calculates an orifice diameter through FLOCHEX subroutine.
The flow regulator model, orifice sizer model, Figure 52, places a high resistance
i . f
in the internal leg and uses a Qloss and anin term for the fixed flow rate I

the pressure drop is less than the minimum pressure drop, the Qloss and anin terms

are set to zero and a low resistance is placed in the internal leg.

Qoss f ‘ Qgain
— vV —_—

Qin f Qout
High Resistance

in Internal Leg

FIGURE 52 FLOW TYPE 37 AND 38 REGULATOR AND ORIFICE SIZER
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6.2.12.2 Assumptions - Not applicable.

6.2.12.3 Computations -
The valve physical and flow characteristics are initialized from VS034
arrayv. Laminar pressure drop for leakage from pressure to return is

calculated as
AP = CKLxQ
and turbulet pressure drop for normal flow through the valve is calculated

as 2
AP = CKTxQ

Where P - Pressure drop in psi
0 - flow in gpm -
CKL - laminar flow coefficient
CKT - turbulent flow coefficient

6.2.12.4 Approximations - Not applicable

6.2.12.5 Limitations - Not applicable
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6.2.12.6 DVSO34 Variable Names

variable
ALT
ARRAY1
BLEG
BRANCHP
CK

CKL

CKT

DENS
DPL1,DPL2,
DPL3,DPL4,
DPL5

DP1

ppP2

D1CO
FLUIDF

FLUIDK

1L

IND

Description
Altitude
Computational array
General purpose arrav
Dvnamic element data storage arrav
Resistance coefficient
Laminar leakage coefficient
Turbulent leakage coefficient

Fluid weight densitv at atmospheric
pressure

Resistance factor for valve internal leg

Minimum pressure at rated flow

Pressure difference between inlet and outlet
Weight densitv at 100°F

Viscosity-pressure correction factor at 100°F

Viscositv-pressure correction factor at fluid
temperature

Row location in BRANCHP arrayv

Indicator to FLOCHEK subroutine
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FT

PS1/GPM
PSI/GPN

LE/FT3

PSI/GPHz

PST

PSI

3

LB/FT




Variable

ip1

IP2

MLEG
NBP2
NI,

NPQ
PAMB
PQL

Pl

P2

RPL
RPT
RQL
RQT
ROL
TEMP
TY
VISC
VRAT IO

V106

Description

Upstream pressure point number for flow regulator

type 37

Downstream pressure point number for flow regulator

type 37

Integer counter

Ro& location in BRANCHP

Leg number

Operating code (see Figure 4-9)

Dummy array for leg numbers

Total number of rows in BRANCHP array
Total number of rows in BLEG array
Total number of rows in PQL array
Atmospheric ambient pressure

Array countaioning pressure point data
Inlet pressure

OQutlet pressure

Rated pressure drop for leakage conditions
Rated pressure drop for rated flow
Rated flow of flow regulator

Rated flow of valve

Rated flow for flow regulator tvpe 37
Fluid temperature

Element type

Fluid viscosity at atmospheric pressure
Viscosity ratio

Fluid viscosity at 100°F
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Dimension

PS1T

PS1

PS1

PST

GPM

T GPM

GPM

°F
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6.2.12,7 DVSO34 - Subroutine Listing

SUBROUTINE DVS034(TY,IL,BRANCHP,NBP2, BLEG,NL,PQL,NPQ)
COMMON /BLK1/TEMP,VISC,DENS,D100,PAMB,ALT,FLUIDF,FLUIDK,V100
DIMENSION BRANCHP(l),BLEG(1),PQL(1l)

DIMENSION MLEG(S5),ARRAY1(S,3)

K=IL

IF(TY.EQ.37..0R.TY.EQ.38.)G0O TO 10
MLEG(1)=BRANCHP(K+15*NBP2)
MLEG(2)=BRANCHP(K+16*NBP2)
MLEG(3)=BRANCHP( K+17*NBP2)

MLEG(4 )=BRANCHP(K+18*NBP2)
MLEG(5)=BRANCHP(K+19*NBP2)
M=BRANCHP (K+14*NBP2)

RPT=BRANCHP (K+10*NBP2)
RQT=BRANCHP(K+9*NBP2)
RPL=BRANCHP(K+13*NBP2)

1F (BRANCHP (K+12*NBP2) .EQ.0. )BRANCHP(K+12*NBEP2)=,0001
RQL=BRANCHP(K+12*NBP2)
CKT=RPT/RQT**2.0

CKL=RPL/RQL
VRATIO=(VISC/BRANCHP(K+11*NBP2))
IF(TY.NE.36.)GO TO 2

* XA XKTYPE#36 TWO WAY-TWO POSITION SOLENOID VALVEX#*k#x
ARRAY1().,1)=ABS(BLEG(MLEG(1)+2*NL))
ARRAY1(1,2)=CKT*(ARRAY1(1,1))**2.0
ARRAY1(1,2)=(ARRAY1(1,2)*VRATIO**0.25)/ARRAYL(1,1)
ARRAY1(1,3)=CKL*ARRAY1(1,1)
ARRAY1(1,3)=(ARRAY1(1,3)*VRATIO)/ARRAY1(1,1)
IF(M-NE.1) GO TO 1

kxR ®XYALVE IS OPEN AND FLOW IS TURBULENTX**k*x
DPL1=ARRAY1(1,2)
BLEG(MLEG(1)+11*NL)=BLEG(MLEG(1)+11*NL)+DPL1
GO TO 9

1 CONTINUE

*ARAXYALVE IS CLOSED AND FLOW IS LAMINAR**%%*
DPL1=ARRAYL(1,3)
BLEG(MLEG(1)+11*NL)=BLEG(MLEG(1)+11%NL)+DPL1
GO TO 9

2 CONTINUE
IF(TY.NE.35.)G0O TO 5

*AXAXTYPE#35 THREE WAY~TWO POSITION SOLENOID VALVEX*#%&*
Do 3 J=1,3
ARRAY1(J,1)=ABS(BLEG(MLEG(J)+2*NL))
ARRAY1(J,2)=CKT*(ARRAY1(J,1))**2.0
ARRAY1(J,2)=(ARRAY1(J,2)*VRATIO**,25)/ARRAYL(J,1)
ARRAY1(J,3)=CKL*ARRAY1(J,l)
ARRAY1(J,3)=(ARRAY1(J,3)*VRATIO)/ARRAY1(J,1)

3 CONTINUE
IF(M.NE.1) GO TO 4

ARRIRYALVE IS OPEN P-C FLOW IS TURBULENT®#*&%
DPL1=ARRAY1(1,3)

LA o
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6.2.12.7 (Continued)

JPL2=ARRAYL1(2,2)
BLEG(LILEG(1)+11*NL)=BLEG({MLEG(1)+11*NL)+DPL1
BLEG(MLEG(2)+11*NL)=8LEG(MLEG(2)+11*NL)+DPL2
BLEG(MLEG(3)+11*NL)=3.E07
GO TO 9
4 CONTINUE
C *&kXXVALVE IS CLOSED C~-R FLOW IS TURBULENTX*#*%*%
DPL1=ARRAY1(1,3)
DPL3=ARRAYLI(3,2)
BLEC(HLEG(l)+11*NL)=BLEG(MLEG(1)+11*NL)+DPL1
BLEG(:ILEG(2)+11*NL)=3.E07
BLEG(MLEG(3)+11*NL)=BLEG(MLEG(3)+11*NL)+DPL3
GC Tu Y
5 CONTINUE
IF(TY.NE.34.)G0 TO 9
C XAk XRTYPE#34 FOUR WAY-THREE POSITION SOLENOID VALVE®#**%i
DO 6 J=1,5
ARRAY1(J,1)=ABS(BLEG(MLEG(J)+2*NL))
ARRAYL(J,2)=CKT*(ARRAY1(J,1)**2.0)
ARRAYL(J,2)=(ARRAY1(J,2)*VRATIO**.25)/ARRAY1(J,1)
ARRAYL (J,3)=CKL*ARRAY1(J,1)
ARRAYL(J,3)=(ARRAYL(J,3)*VRATIO)/ARRAYL(J,1)
6 CONTINUE
IF(M.EQ.2) GO TO 7 *
IF(4.EQ.3) GO TO 8
C kkkkx YALVE I5 OPEN P-C3 AND C4—-R *kxxxk
DPL1I=ARRAYLI(1,3)
DPL2=AKRAY1(2,2)
DPL5=ARRAY1(5,2)
BLEG(MLEG(1)+11*NL)=BLEG(MLEC(1)+11*NL)+DPL1
BLEG(MLEG(2)+11*NL)=BLEG(MLEG(2)+]11*NL)+DPL2
BLEG(MLEG(3)+11*%NL)=3.E07
BLEG(MLEG(4)+11*NL)=3.E07
BLEG(MLEG(5)+11*NL)=BLEG(MLEG(5)+11*NL)+DPL5
GO TO 9
7 CONTILMNUE

c kxkx%x YALVE LIS OPEN P-C4 AND C3-R *&kkx

DPLI=ARRAYL(1,3)
DPL3=ARRAY1(3,2)
DPLA=ARRAYL(4,2)
BLEG(HMLEG(1)+11*NL)=BLEG(MLEG(1)+1 1*NL)+DPL1
BLEG(LEG(2)+11*NL)=3.E07
BLEG(ILEG(3)+11*NL)=BLEC(MLEG( 3)+1 1*NL)+DPL3
BLEG(MLEG(4)+11*NL)=BLEG(MLEG(4)+11*NL)+DPL4
BLEGQILEG(5)+11*%NL)=3.E07
GO TO 9

8 COANTILNUE

b
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v

6.2.12.7 (Continued)

C kAkkk VALVE IS CLOSED *#kx#

DPL1=ARRAY1(1,3)
BLEG(MLEG(1)+11*NL)=BLEG(ALEG(1)+11*NL)+DPL1
BLEG(MLEG(2)+11*NL)=3.E07
BLEG(MLEG(3)+11*NL)=3.E07
BLEC(MLEG(4)+11*NL)=3.E07
BLEG(CILEG(S)+11*NL)=3.E07

9 CONTLNUE
RETURS

LU TNU=BRANCUP(K+8*NBP2)
RQL=BRANCHP (K+5*NBP2)
IP1=BRANCHP(K+3*NBP2)
1P2=BRANCHP (K+4* NP2 )
LEG=BRANCHP(K+15%N3P2)
IF(IND.GE.1)GO TU 11
PQLTIP1+NP))=(-RQl1)
PQL(LP24UPQ)=RQL
BLEG(LEG+11*NL)=3.E9
RETURN

11 Pl=PQL(IPL)
P2=PQL(1P2)
DPL=BRANCHP (K+6*NBP2)
DP2=P1-DP2
[F(DPL.LE.Q.)DPL1=1.
CK=DP1/RQ1
BLEG(LEG+11%NL)=CK
RETURN
END
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6.2.13 Subroutine DMTRS8

DMIR8 is a dynamic subroutine for calculating the internal flows and
pressure losses in a hydraulic'motor. The motor may be a 2 port or 3 port

model, see Figure 53.

Internal Leg

Inlet Port Outlet Port

Case Drain Port

Internal Leg (Optional)

(Assembled only i
Case Drain Port is Used)

Hydraulic Motor
FIGURE 53

6.2.13.1 Math Model

The motor losses are calculated and input into BLEG column 5. If the
motor should be stalled, MIRCHK places an indicator in the data column 15.
If there is an indicator in this position, a high resistance is placed in BLEG
column 12.
6.2.13.2 Assumptions - A minimum break out torque of 60 psi is assumed.

6.2.13.3 Computations - Input Torque = Output Torque (Load)/Efficiency

PRESS DROP = 2 w* INPUT TORQUE/DISPLACEMENT

6.2.13.4 Approximations - Not applicable.

6.2.13.5 Limitations - Not applicable.
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6.2.13.6 DMIR8 Variable Names

Variable Description Dimension
BLEG General purpose arrayv -
BRANCHP Dynamic element data storage array -
CDK Leakage coefficient -=
CDL Rated case drain leakage flow GPM/3000 PSID
DELP Pressure difference between inlet and outlet PSID
DISPL Motor displacement IN3/REV
DP Pressure drop PSID
EFF Overall motor efficiency %
IL Element row location in BRANCHP -~
IND Indicates normal or stalled condition g:zzzTiid -
LEG Leg number inlet to outlet -
LEG1 Leg number inlet to case -
NBP2 Total number of rows in BRANCHP array -
NDP Case drain pressure point number (If used) --
NL Total number of rows in BLEG and ILEP arrays -~
NPQ Total number of rows in PQL array -
PQL Array of pressure points, flows and port numbers -
PR1 Inlet pressure PSI
PR2 Qutlet pressure PS1
P1 Inlet pressure point number -

P2 Outlet pressure point number -~

Q Flow rate GPM
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Variable

TORQL

TT

Description

Load torque

Equivalent inlet torque
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6.2.13.7 DMTR8 Subroutine Listing

SUBROUTINE DMTR8(IL,BRANCHP,NBP2,PQL,NPQ,BLEG,NL)
DIMENSION BRANCHP(1),PQL(1l),BLEG(1)
INTEGER P1,P2
LEG=BRANCHP( IL+15*NBP2)
LEG1=BRANCHP( IL+16*NBP2)
IND=BRANCHP( IL+14*NBP2)
Q=BLEG( LEG+2*NL)
BRANCHP( IL+13*NBP2)=Q
Pl=BRANCHP( IL+4*NBP2)
P2=BRANCHP( IL+6*NBP2)
DISPL=BRANCHP( IL+7*NBP2)
TORQL=BRANCHP ( IL+8*NBP2)
EFF=BRANCHP( IL+9*NBP2)
CDL=BRANCHP( IL+10*NBP2)
IF(IND.GE.1)GO TO 1
TT=TORQL/EFF
DP=2.%*3.14159*TT/DISPL
BLEG( LEG+4*NL)=-DP~-60.
GO TO 2
BLEG(LEG+11*NL)=3.E10
2 NDP=BRANCHP( IL+6*NBP2)

IF(NDP.EQ.O)RETURN

PR1=PQL(P1)

PR2=PQL(P2)

DELP=PR1~PR2

CDK=3000./CDL

BLEG(LEG1+11*NL)=CDK

RETURN

END

—
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PRECEDING PAGE BLANK-NOT FILMED

[PPSR

SECTION VI
QUTPUT

The output section of SSFAN is contained in the main program and special
purpocse subroutines. The input data cards are printed from the main program
immediately after they are read and before any data processing is done. OPUT4
subroutine prints the heading and data deck title. OPUT3 subroutine prints the
system assembly of legs and pressure points and OPUT2 subroutine prints the
corresponding pressures and flow rates. QTCALC subroutine prints the quasi-
transient data in conjunction with GRAPH2 subroutine.

7.1 OPUT4 Subroutine

The heading and data deck title are printed from OPUT4, see Figure 54.
This output is used for the input data card output, the assembly output and the
calculated pressure and flow output.

7.2 OPUT3 Subroutine

The system assembly output is printed from OPUT3 subroutine, see Figure 55.
Leg numbers and branch point numbers are computer assigned and are cross referenced
to junction numbers in this output. The leg number is printed with its upstream
and downstream pressure point number. The corresponding upstream and downstream
junction numbers are next printed.

The elements that have assigned pressure point numbers are next output with
its name and junction number(s).

7.3 OPUT2 Subroutine

OPUT2 subroutine is used to print the flow rates and pressures, Figure 56,
in a corresponding order to the assembly output from subroutine OPUT3. The
computer assigned leg number and calculated flow rate for the leg are first

printed. Next, the computer assigned pressure point number and the calculated
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FIGURE 57
EXAMPLE SSFAN SAMPLE CASE NUMBER 1

ELEMENT INPUT DATA - CARDS 7 AND ON
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7.3 OPUT2 Subroutine (Continued)

pressure are printed. The input temperature for the pressure point is printed in
the last column.

7.4 Main Program Output Data

The main program prints out the data cards immnediately after thev are read.
This data may be used for trouble shooting of incorrect input data. The column
number headings are printed at the top of the data with data fields of column
width 8, identified bv alternating +'s and $'s. Data cards 1 through 6, system
parameters are shown in Figure 54. Figure 57 shows the input data from cards 7
and on,immediately after it is read.

7.5 Quasi - Transient Data Qutput

The quasi-transient data output is of 3 types; (1) Pressure versus time,
(2) Flow versus time and (3) Piston position versus time. These are user selected
and an example of each type is shown in Figures 58, 5%, 60 and 61. The type of
output is printed at the hottom of each graph along with the svstem data deck
title. The junction number associated with the output is also printed. The
tabulated data of Figure 58 contains all the calculated time steps and aay

contain more points than are plotted on the graphs.
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SSFAN == SAMPLE CASE NUMBER 1

duii 2 LD 1=PRESS PLOUT 2=FLuW PLOT 3#PIST POS PLOT

L Jor 3¢t JC1r
145.000 145.000 145.000
' 2.uu0 1.00d 3.000
v.0U0 0.0U0 1.000
v.ulu 0.900 0.000¢
VRSV Y 0.000 5.000
U.00u 0.000 0.000
0.9vJd0 0.uuo 1540.270 v.000
L0500 0.000 1540.274 0.000
o 0.000 1540.274 0.000
L1500 0.000 1540.274 0.000
L 20U0 0.000 1540.274 0.000
L2300 0.000 1540.274 0.000
. 3V0V 0.0U0 1540.274 0.000
.3500 ¢.000 1540.274 0.000
L 4UJ0 0.000 1540.274 0.000
L4000 0.0V0 1540.274 0.000
. SUW 0.U00 1540.274 0.000
L3500 2.155 2292.819 .092
L HUUL 2.344 2309.449 .193
» D0V 2.443 2321.160 .297
R RVIVIY} 2.333 2332.894 405
L7500 2.613 2344.6L 0 517
. BUJ0 2.083 2356.382 .632
.8330 2.744 23A8.68U L7469
L3000 2.796 2380.915 .809
PN 2.340 2393.207 .9490
Lowul 2.870 2405.717 1.113
1.u3uu 2.6 2413.246 1.238
L. louu 2.929 2430.83> 1.363
L.15uu ) 2443.407 1.489
L. 20uu Z.900 da50.125 1.6l6
1.2000 2.967 2468.793 1.743
1. 3uuu 2.97V 2481.516 1.870
1.350u 2.908 2494.230 1.997
L.aun 2.303 2506.909 2.123
] 1.450u 2.954 2519.540 2.250
1.50uu 2.94L 2532.111 2.376
1.55uu 2.900 2544.610 2.501
1.0000 2.907 2557.027 2.625
1.5500 2.342 2569.347 2.748
1.7900 2.356 2581.546 2.871
1.7)50u 2.4829 2593.625 2.992
1.3uu0 2.4300 2609.530 3.111
1.5oue 2.7068 2617.403 3.230
1.3y 2.736 2029.084 3.347
.95 8 2704 2040.622 3.463
PARISND) 2.070 2652.017 3.577
2.0 2.n37 2063 .244 3.63%0
2. lauv 2.003 2674 .290 3.801
2.1H90 PRI lo85.212 3.911
42U 2,532 2099.946 4.019
2e2ouu Z.490 270b.5%20 a.l26
Z2esu i 3.904 2113.494 4.274
2. 30y 3.358 2728.515 4.417
24U 3. 200 27142.933 4,557
2. a0un J.17+ 2750.993 4.093
KN Y] J.aaa 277V.638 4.825
ZaDuu 20093 2733844 4.953
PRSI PR VR 2796.479 5.000
FRUBVY Y3 3009.956 5.000
R VY] A2 JulY .95 9.000
2.0, L0042 Jonid use
i
Z'
FIGURE 58  QUAST-TRANSIENT
TABULATED DATA
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7.6 OPUT4 Subroutine Listing

(%]

SUBROUTINE OPUT4

COMMON /BLK9/FTYPE(16) ,PRINT(4)

WRITE(®,3)

FORMAT(” ~,80("*"))

WRITE(6,2)

WRITE(6,1)

FORAAT(” “,34("*"),“SSFAN PROGRAM",33("*°))
FORMAT(“17,80("*"))

WRITE(6,4) (FTYPE(t) M=1,8)

FORMAT(//” “,”DATA DECK -,8410//)
RETURN

END
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7.7 OPUT3 Subroutine Listing

SUBROUTINE OPUT3(ILEF,BLEG,NL,PQL,NPQ)
OPUT3 LISTS LEG NUMBERS UP & DN STREAM PRESS PTS & JCT NO
DIMENSION ILEP(1),BLEG(1),PQL(1)
COMON /BLK9/FTYPE(16) ,PRINT(4)
WRITE(108,1) (FTYPE(M) ,M=1,8)
1 FORMAT(8A10)
WRITE(108,2)
2 FORMAT(//59HLEG NO~LEG END PKESSURE PT NO~JUNCTION PT NO & ELEMENT
1 TYPE)
WRITE(108,3)
3 FORMAT(//,1X,3HLEG,2X, 1 1HPRESSURE PT,3X,12HBRANCH/END PT,1X,1H*,1X
1,5HPRESS, 2X, THELEMENT, 9X , 8RJUNCTION)
WRITE(108,4)
4 FORMAT(1X,3HNO. 2X,4H(UP),3X,4H(DN),4X,4H(UP) +4X,4H(DN) ,1X, 1H*,1X,
15HPT NO, 19X, THNUMBERS )
DO 25 M=1,100
IF(ILEP(M) .EQ.0.AND, PQL(M+2*NPQ) .EQ.0.)GO TO 26
IF(POL(M+2*NPQ) .EQ.0.)GO TO 21

IF(PQL(#+2*NPQ) .EQ.5.)G0 TO 7
IF(PQL(M+2*NPQ) .EQ.7.)G0 TO 9
IF(PQL(M+2*NPQ) .EQ.9.)GO TO 11
IF(PQLIM+2*NPQ) .EQ.91.)G0 TO 11
IF(PQL(M+2*NPQ) .EQ.92.)G0 TO 11

IF (POL(M+2*NPQ) .EQ.4. .OR.PQL(M+2*NPQ) .EQ 41.)G0 TO 13
1F(PQLIM+2*NPQ) .EQ.24.)GO TO 15
1F(PQL(M+2*NPQ) .EQ.25.)X0 10 17
IF(PQL(M+2*NPQ) .EQ.13.)@0 TO 5
IF(PQL(M+2*NPQ) .EQ.34.)G0 TO 19
IF(PQL(M+2*NPQ) .EQ.8.)G0 TO 23
IF(PQL(M+2*NPQ) .EQ.35.)G0 TO 19
IF(PQL(M+2*NPQ)} .EQ.36.)GO TO 19
IF(PQL(M+2*NPQ) EQ.37.)GO TO 19
IF(PQL(M+2*NPQ) .EQ 38.)GU TO 19
GO 10 25
5 WRITL(108,6)M, ILEP(i1), ILEP(M+NL) ,BLEG(M) + BLEG(M+NL) ,M, PQL( ¥+ 3*NPQ)
6 FORMAT(I3,16,17,F9.0 F8.0,1x,14*,1X%,15,4X, 3HFBP,F17.0)
&0 TO 25
7 WRITE(108,8)M,ILEP(:4) , ILEP(M+NL) +BLEG{M) ,BLEG(M+NL) ,M  PQL(M+3*NPQ)
8 FOR~IAT(I3,I6,I7,F9.0,F8.0,1X,IH*,IX,IS.4X,4HPUMP.E‘16.0)
GO TO 25
9 WRITL(108,10)M,ILEP(M), ILEP(M+NL) ,BLEG(M) +BLEG(M+NL) ,M, PQL(M+3#*NPQ
1)
10 I"ORM\T(I3,16,I7,F9.0,F8.0,IX,IH*,1X,IS.4X,5HAOCUM,E‘15.0)
30 TO 25
11 WRITE(108,12)M,ILEP(M), ILEP(M+NL) +BLEG(M) ,BLEG(M+NL) , M, PQL( M+ 3*NPQ
1)
12 F‘ORMAT(13,16,I7,F9.0,F8.0,IX,IH*,1x,15,4X,4HRESV,F16.0)
GO TO 25
13 WRITE( 108,14)i, ILEP(M), ILEP(M+NL) , BLEG(M) BLEG!M+NL) ,M, POL( M+ 3*NPQ
1)
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14 FORMAT(I3,16,17.F9.0,F8.0 1X,1H*,1X,1I5,4X,4HACTR,F16.0)
GO TO 25

15 WRITE(108,16)M, ILEP(M), ILEP(M+NL) ,BLEG(M) ,BLEG(i+NL) ,M, PQL( M+3*NPQ
1), PQL(M+4*NPQ) , PQL( M+5*NPQ)

16 FOR4AT(13,16,17,F9.0,F8.0 1X,1d*,1X I5,4%,3NTEE,F11.0,1H~,F5.0,1d-
1,F5.0)
G0 10 25

7 WRITH(108,18)u, ILEP(M), ILEP(M+NL) ,BLEG(M) ,BLEG(si+NL) ,M, PQL{M+3*NP)
1)
2PQLIM+4*NPQ) , PQLI{M+5*NPQ) , PQL{ M+6*NPQ)

18 FORWAT(I3,I16,17,F9.0,F8.0,1X,1H%,1X,15,4X,56CROSs,F8.0,18~-,F5.0,1
14-,F5.0,1d4-,F5.0)
Q& 10 25

19 wRITL(108,20)#, ILEP(i), ILEP(4+NL) ,BLEG(M) ,BLEG(M+NL) ,M, POL({M+3*NFQ
1)

20 FORMAT(I13,16,17,F9.0,F8.0,1X,1H*,1X,15,4X,3HVLV,F18.0)
&0 TO 25

21 WRITw(108,22)M, ILEP(ii), ILEE(M+NL) ,BLEG(M) ,BLEG({M+NL)

22 FORMAT(I13,16,17,F9.0,F8.0,1X,1H*)
GO TO0 25

23 wRITE(108,24)M, ILEP(M), ILEP(M+NL) ,BLEG(M) ,BLEG(M+NL) ,M, PQL{M+3*NPQ
1)

24 FORMAT(I13,16,17,F9.0,F8.0,1X,1H*,1X,15,4X, SHMOTOR,F15.0)

25 CONTINUE

26 RETURN
END
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7.8 OPUT2 Subroutine Listing

2
3

4

SUBROUTINE OPUT2(ILEP,BLEG, NL, PQL,NPQ)
COMMON /BLK1/TEMP,VISC,DENS,D100, PAYB,ALT,FLUIDF, FLUIDK, V100
DIMENSION ILEP(1),B8LEG(1),PQL(1)

COMMON /BLK7/IERROR, ITER

WRITL(108,1) ITER

FORAT(//13HITLRATIONS = ,I3)

WRITE(108,2)ALT

FORJAT(L14ALTITUDE = F8.2,1X,2HFT)

wxITr(108,3) PA1B

FORMAT( 19HAMBIENT PRESSURE = ,F3.2,1X,4hPSIA)

wRITE(108,4)

FORMAT(///3HLLEG, 6X,4HFLOW, 5X, 2H** ,5X , BHPRESSURE , 6X , BHPRESSURL , 6X, 1

11HIeMPERATURE, /31HNO. ,6X, 5H(GPs) , 4X, 21i%*,6X, 6HPT NO.,8X,6H(PSIG),8X
2,7TH(DEG F))

DO 10 v=1,10000
IF(ILEP(M).EQ.0.AND.PQL(M).EQ.0.)30 TO 11
IF(ILEPC:).EQ 0.)GO TO 8

IF(POL(M) .EQ.0.)GO 10 6

WRITL(108,5)M, BLLG(M+2*NL) M,PQL(M),BLEG(M+13*NL)
FORMAT(I3,2X,F9.2,4X,2H**,6X,15,6X,F10.2,8X,F7.2)
GO TO 10

wWRITE(108,7)M,BLEG( M+2*NL)
FORMAT(13,2X,F9.2,4X,2H**)

GO TO 10

WRITL(108,9)M PQL(M) ,BLEG(M+13*NL)

FORMAT( 18X, 2H**,6X,15,6X,F10.2,8X,F7.2)

CONTINUE

RETURN

END
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SECTION VITII

UTILITY SUBROUTINES
8.1 INTERP Subroutine

The INTERP subroutine provides interpolation for continuous or diécon—
tinuous functions of the form Y = £(X). INTERP is a shortened version of a
MCAUTO library functional subroutine named DISCOT.

INTERP uses two other subroutines, DISER1 and LAGRAN, to derive the depen-
dent variable from tabulated data input by the programmer. Subroutine
DISER]1 gives the data points around the X variable. Lagranges interpolation
formula is used in the LAGRAN subroutine to obtain a Y value. For an X
value lying outside the range of the tabulated data, the Y is extra-
polated. Fluid viscosities are calculated in LAGRAN by using the ASTM equation
for viscosity (See Appendix B). A fluid viscosity - pressure correction factor
FLUIDF is also calculated from the ASTM viscosity/temperature slope and
slope/constant equations as described in Appendix B.

8.1.1 Solution Method

The INTERP subroutine provides the necessary control parameters to DISER1
and LAGRAN to yield a dependent variable. The subroutine arguments are as
follows:

Subroutine INTERP (X, TABX, TABY, NC, NY, Y, IND)

Where:
X - Argument of function Y = f(X)
TABX - X array of independent variables in ascending order
TABY -~ Y array of dependent variables
NC -~ Control word

Tens Digit - Degree of interpolation
Units Digit ~ O = Lagrange interpolation
1 = Viscosity calculation with ASTM equation

2 = FLUIDF calculation
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NY - Number of data points in the Y array

Y - Dependent variable
IND -~ Interpolation Indicator
0 = Normal interpolation

1

Extrapolation outside the range of data points

8.1.2 Assumptions. Not applicable

8.1.3 Computations. The degree of interpolation is decoded from the

control word NC in the INTERP subroutine argument and passed to DISERl. The
error indicator IND is set to zero. On finding the data point closest to the
X value from DISER1l, it is entered into the LAGRAN subroutine argument. If
the ASTM equation is to be used for a viscosity calculation, IDX is set

to -1. For the FLUIDF computation IDX equals -2.

8.1.4 Approximations. Not applicable

8.1.5 Limitations. The X data points must be entered in an ascending
order. When tabulating a discontinuous function the independent variable (X)
at the point of discontinuity is repeated, i.e.,

Xl, XZ, X3, X3, X4’ X5
Y, Yy, Yg, Y, Yo, Y
Thus for discontinuous functions there must be K + 1 points above and below

the discontinuity, where K is the degree of interpolation.
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8.1.6 INTERP Variable Names

Variables Description Dimensions
IDX Degree of interpolation -
IND Solution indicator -

= 0 Normal interpolation

= 1 Extrapolation outside of data range

NC Control word -
NPX Dummy array -
NPX1 Location of data point X, Y for inter- -
polation

NY Number of Y data points -
TABX X array of data points -
TABY Y array of data points ~
X, XA Independent variable -
Y Dependent variable -

4

{

|

\

|

I
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8.1.7 INTERP Subroutine Listing

SUBROUTINE IHTLRP(X,TABX,TABY,NC,NY,Y,IND)
DIJMENSION TABX(1),TABY(1),NPX(8)
IDX=(NC-(NC/100)*1020)/10

IND=9

XA=X

CALL DISERI(XA,TABX,1,NY,ID%,NPX, IND)
NPX1=NPX(1)

IF((NC-IDX*10).EQ.1)IDX=-1
IF((NC-IDX*10),EQ.2)IDX==-2

CALL LAGRAN(XA,TABX(NPXI),TABY(NPXI),IDX+1,Y)
RETURN

END
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8.2 DISER] Subroutine

The subroutine DISER1 returns the array location of the lower bound
value of the interval in which the independent variable lies. DISER] is a
modification of a MCAUTO library subroutine named DISSER.

The arguments for the DISER1 subroutine are as follows:

Subrcutine DISERL (XA, TAB, I, NX, ID, NPX, IND)

XA

Independent variable

TAB - X array

1 -~ Tabulated data location

NX - Number of points in the independent array

Ib - Degree of interpolation

NPX - Location of lower bound for data point XA, in the TAB array
IND - Indicator

8.2.1 Solution Method. Not applicable

8.2.2 Assumptions. Not applicable

8.2.3 Computations. On entry of the independent variable, XA, and the tabu-
lated data form the TABX array, DISER] finds the tabulated data values that
bound XA, and returns the smaller one to the calling program. 1f XA were

to lie outside the lower end of the data, DISER] would return the first data
point as the lower bound. Should XA lie outside the upper tabulated value,
the second from the last data point location 1s returned by DISERL.

8.2.4 Approximations. Not applicable

8.2.5 Limitations. Not applicable
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8.2.6 DISER1 Variable Names

Variable
IND
i, 1Ip, IT, J, NLOC,
NLOW, NPB, NPT, NPU,
NPX, NUPP, NX, NXX
Tab

XA

Description

Solution indicator

Integer counters

Array of independent variables

Independent variable
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8.2.7 DISERL Subroutine Listing

10
11
1z
13
14
15

le

17

SUBROUTINE DISERL(XA,TAB,I,NX,ID,NPX,IND)

DIMENSION TARB(1)
IF(XA-TAB(I))1,2,3
IND=IND+]

NPX=1

RETURN

XA=TAgI(]I)

NPX=1

RETURN

J=I+N&K-1
IF(XA-TAB(J))6,5,4
InND=InD+1

NP&=J=-1ID

RETURN

AA=TAB(J)

NPX=J-1ID

RETURN

NPT=1D+1

NPQ=NpPT/:
WPU=NPT-NPRB
IF(wX-NPT)7,8,9
T0=NA-1

GO TO 6

NPX=1

RETURN

NLOwW=I+NPR
NUPP=J+NX~(NPU+1)
IF(4X-20)15,15,190
NXX=6X/2+1
IF(XA—TABINXX))11,14,12
NXX=NXX-NX/4
IF’XA—TAB(NXX))15,14,14
NAXXSNXX+NX/4
IF(XA-TABINXX))13,14,14
WELUW=NKX-14X/4

GO T0 15

NLOw=nNXX

bO 1o II=NLOw,NUPP
NLOC=11
IFCTAB(1II)~XA)1l6,17,17
CONTINUL
NPX=NUPP-nrB+1
RETURN
NPX=NLOC-.i¢13
RETURN

END
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8.3 LAGRAN Subroutine

The LAGRAN subroutine interpolates or extrapolates a data point from
two known tabulated values. 1In addition, LAGRAN calculates viscosity
using an ASTM viscosity equation and a fluid viscosity-pressure correction
factor. The LAGRAN subroutine arguments are:

Subroutine LAGRAN (XA, X, Y, N, ANS)

XA

Independent variable
X - X array

Y - Y array

N - Solution Indicator

-1 FLUIDF Calculation

0

Viscosity Calculation

>1 = Degree of Interpolation

ANS - Dependent variable

8.3.1 Math Model. LAGRANGES interpolation equation is used in this sub-

routine to calculate the dependent variable. The LAGRANGE formula is:

~ B

P(x) =

'i L, (x) Yy ¢))
1

0

Where:

Ly (x) is the Lagrange multiplier function.

L, (0 = (%) (= ) oo (xoxy ) ey ) e e (k%) (2)

(rymxg) (rgmxp)eeexgmxy 1) (Rgmxgp) o s Oegmxg)

The LAGRANGE equation generates a polynominal between two lata points.
The degree of the polynominal is that specified by the index value N,
The dependent variable is returned as ANS in the subroutine argumwent,

An ASTM viscosity equation (See Appendix B) is used in the calculation

of viscosity. The ASTM charts are based on this equation.
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LOG [LOG (v+c)] = A - B LOG T (3)

Where:
c = a constant
T = Temperature, °RANKINE
v = Viscosity, CENTISTOKES
A,B = Constants for each fluid
LOG = Log to the base 10

The computational form of equation (3) is explained in Appendix B along
with the mathematical formulation for the FLUIDF term.
8.3.2 Assumptions. The Lagrangian equation generated by the subroutine
only uses the data points around the dependent variable to generate a poly-
nominal for interpolation. The last or first set of two data points is used
for extrapolation.
8.3.3 Computation. The procedure LAGRAN performs, whether it be inter-
polation the viscosity or the FLUIDF calculation, is always recognized by
testing the N argument in the subroutine statement. 1If N is equal to minus
one, then the FLUIDF factor is calculated. For N equal to zero the viscosity
is computed. Otherwise N specifies the degree of interpolation to be used
by the Lagrange formula. All results are returned to the calling program
through the variable named ANS. The LAGRAN interpolation is a direct appli-
cation of equation (1) to the given data.

Before evaluting the viscosity equation (3) for the viscosity value at
XA temperature, the constants A and B must be calculated. They are solved
using the data points that surround the dependent variable, or the first or
last set of two data points if the dependent variable lies outside the range
of the tabulated data. With the constants calculated for this fluid the vis-

cosity can be computed from Equation (3).
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8.3.4 Approximations - See Appendix B for a more thorough discussion on the

approximations made for the viscosity and FLUIDF computations.

8.3.5 Limitations -~ Since the Lagrange method only uses two data points to
interpolate it can become 1inaccurate for remotely spaced tabulated data
points. Any degree of interpolation greater than two can lead to erroneous
results.

8.3.6 LAGRAN Variable Names

Variable Description Dimensions
A Constant for viscosity -
ANS Dependent variable -

B Constant for viscosity -
I,J Integer counters -
N Method of solution -
-1 = FLUIDF Calculation
0 = Viscosity calculation
>0 = Degree of interpolation
PROD Lagrange partial product -
Pl LOG LOG of (Y(1) + C) CENTISTOKES
P2 LOG LOG of (Y(2) + C) CENTISTOKES
Tl LOG of T(1) °R
T2 LOG of T(2) °R
X X-array -
XA Independent variable -
Y Y-array -

The other data variables are explained in Appendix B.
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8.

3.

7

LAGRAN Subroutine Listing

SULBKUUTINE LAGRAN(AA,X,Y,u,ANS)
DImbioIuN X(1),Y(1)
IF(N.EQ.-1)GU TV 6

IF(W.LC.0)GU TU 4

SUm=0.0

DO 3 I=1,N

PROD=Y(1I)

DO ¢ J=1,N

A=XL1)=-X(J)

IFTA) 1,2,1

B=({XA-X(J))/A

PROD=PROD*3

CONTINUL

5UM=SUrl+PROD

ANS=SUM

RETURWN

VISCOSITY CALCULATION

CONTINUL

Al=0U.
IF(Y(1).Lk.2.)Al=EXP(~1.47-1.84*Y(1)-.51*Y(1)**2)
A2=0,
IF(Y(2).LE.2.)A2=EXP(~-1.47-1.84*Y(2)~.51*Y(2)**2)
P1=ALOGLIU(ALOGLO(Y(1)+.7+A1))
P2=ALOGLU(ALOGIO(¥(2)+.7+A2))
TI=ALUGLU(AL L) +40U., )
T2=ALUGLU(X{(2)+460.)
B=(pPL-P2)/(T2-T1)

A=Pl+B*T]
2=10**(1U**(A-B*ALUGLU(XA+460.)))
IF(Z.LE.2.7)Gu TU 5

ANS=2-.7

RETURN

5 ANS=(2-.7)-EXP(-.7487-3.295%(2~-.7)+.6119*(2~-.7)**2

A=.31Y93%(2~.7)**3)
RETURN
FLUIDF CALCULATION
CONTINUL
PL=ALOGLO(ALOGLO(Y(1)+.6))
P2=ALUGLU(ALOGLU(Y(2)+.6))
TI=ALOGLO(X(1)+4460.)
TZ=ALUGLU(X' 2)+460.)
3=(Pl-P2)/([2-T1)
A=PL+B*IL
VU LOR® (LU * (A-3*ALOGLU(XA+460.)))-.6
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8.

3.

7

(Continued)

L5=10%*%(( 125989+A)/3) *
T1000=10**((-.477159+A)/3)
S=ALOGLU((T5)/100.+1.)~-ALOGIOM (T1000)/100.+1.)
DELX=65.10979*3

o=b.b5/DELX

IFIS3.LT..b)5=.b

IF(3.6T.1.07)5=1.0"7
ALFHA=3.23523-11.3886*%5+13.1735*3%5-4  8881*3*%5%5
BLTA==5.33425+19.,9521*%5-23.9448%3*5+10.155*5*5#*3
CuI=3.,35452-13.1273*3+17.1712*3%5-7 ,5551*5%3*3
ANS=ALPHA+BLTA*ALOGLU(VO)+CHI* (ALOGLO(VQ) )**2
IF(ANS.LT.0.)Aus=0

R TURN

LNL
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8.4 SIMULT SUBROUTINE

SIMULT is a subroutine for in-core solution of large, sparse systems of linear
equations (Reference A8). The sub-program employs minimum row minimum column
elimination. A limited number of zeros is stored and trivial arithmetic is used
to preserve computer storage and to reduce the time required for solution. SIMULT
is used in conjunction with CALC to obtain the system flows and pressures.

8.4.1 Solution Method

Excellent discussions on the Gauss-Jordan elimination technique can be fcund
in many numerical analysis textbooks. Briefly the method is based on the three

elementary row operations:
1. Interchange of any two rows.
2. Multiplication of a row by a scalar.
3. Addition of a multiple of one row to another row.
For example by applying a sequence of row transformations to a system of simult-

aneous equations

allxl+ alzx2 + ...+ almxm = b1
Ag Xy FoagyXy et ay x = by
amlxl + am2x2+...+ ammxm = bm

Expressed in augmented form

[~ - . . b 1
M1 Y120 M M
A1 fp ot w1 b
81 “m2 0 Ymm l%lj
L
Yields
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where I is the identity matrix and X is the solution. The Gauss-Jordan elimination
technique used in SIMULT requires elimination of only the elements in the upper

or lower triangular partition of the array which is followed by a back substitu-
tion to obtain the solution.

Three arrays are generated that contain the number of non-zero elements
in.each row (IRENT()), the number of non-zero elements in each column (ICENT())
and the column number of each non-zero element (ICOL()) ©of an N x N array. These
arrays are updated each time an element is eliminated or generated, so that the
current row and column count and element location are available for pivot selection
and row addition.

In SIMULT the IRENT array is searched to find the row with the least number
of non-zero coefficients that has not been previously selected as the pivotal row.
Should two or more rows satisfy this criteria, the row with the smallest row index
is selected. Next the ICENT array is searched to select the column with least
number of entries. In the event that two or more columns contain the same number
of elements, the column with the smallest index is selected as the pivotal column.

Each row-column selection is thus used in the back substitution to obtain the
solution.

8.4.2 Assumptions - Not applicable.

8.4.3 Computation - Upon entry into SIMULT the number of non-zero elements in
each column an& row of the M x M solution matrix is stored in ICENT( ) and
IRENT( ). At this point the remainder of the program is contained within three
nested loops. The outer loop selects a new pivotal element on each pass. The
pivot element is stored in the order array for future use during subsequent
iterations iterations in the CALC program. This is a time saving device to
eliminate the necessity of selecting the same sequence of pivot elements on each

iteration. Once the pivotal element has been selected, the pivotal row is normal-
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ized by dividing the row by the pivotal element. Since the pivotal element is
normalized, it is set to one as a precaution against round-off errors.

The second loop is entered, which involves a row-by-row search for rows
containing elements in the pivotal column. If the number of entries in the
pivotal column has been reduced to one entry, there is no need to continue
and the program selects a new pivotal element., Also if the pivotal row is
selected all further tests are bypassed and the next row is selected since
operations on the pivotal row are not permitted.

Finally, the inner loop is a column-by-column search of each row to deter-
mine if the row contains the pivotal element. At this point, there are three
alternatives available:

1. If the column index in the row being searched is less than the
pivotal column, it is necessary to continue searching the row.

2. 1f the column index is greater than the pivotal column, the row does
not contain the pivotal column and a new row must be selected.

3. If the column index is equal to the pivotal column, the row contains
the pivotal element and the row can be operated on by the pivotal row.

If the conditions in 3 are met, the pivotal row is multiplied by the negative
of the element in the pivotal column of the row being operated on. Then the two
rows arc added. The element being eliminated is simply dropped from consideration
by moving all entries to its right one space to the left. All elements remaining
in the row are compared to ZTEST to see if any elements other than the element in
the pivotal column were eliminated. If so, the row was further compressed to
eliminate the zero entry from the row. Finally, the row is tested to see if the
row count is zero which indicates a singularity. 1If a singularity is encountered
an error message is printed:

* SINGULAR MATRIX-NO SOLUT LON*
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If a singularity is not encountered, the program continues looping until a
pivotal element has been selected from each row and column, at this point, the
solution vect;r is stored in the CALC2 array in a scrambled order. The solution
is then unscrambled and stored in numerical order in the first column of the

A( ) array.

8.4.4 Approximations - In situations where it is known that an operation will

result in a zero or a one, the arithmetic operation is bypassed and the element
simply set to zero or one,

8.4.5 Limitations - SIMULT is set up to solve only sparse systems of linear
equations.

8.4.6 SIMULT Variable Names

Variable Description Dimension
ATEST, C Dummy variables -
CALCI( ) Matrix of coefficients --
CALC2( ) NU matrix of constants -
IC,11,1K Dummy variables -
ICENT( ) Array containing number of non-zero -

elements in each column of CALCl

ICOL( ) Array containing column location of each -
non~zero element of CALCIl

IORDER( ) Array giving pivot selection based on -
min-row min-column criteria

IRENT( ) Array containing number of non-zero -
elements in each row of CALC1

ITER Iteration count -

IX,1Y,J,JKL,JKOP, Dummy variables -
JKPI

JCENT Array identifying the number of non-zero --
entries in each column of CALC1
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Variable

JCOL

JRENT

LKJ,NAA,NK

NPQ

NU

OPROW
PIVCOL
PIVROW

X, ZTEST

Description

Array identifying the non-zero filled
columns of CALCl; the rows correspond to the
rows of CALCl; elements in each row corres-
pond to column number in each row of CALCl

Array identifying the number of non-zero
entries in each row of CALCl

Dummy variables

Total number of rows in array

Number of equations

Dummy variable
Pivot column
Pivot row

Dummy variables
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8.4.7

SIMULT Subroutine Listing

SUBROUTIWE SIMULT(NU,ITLR,CALC1,CALC2,JCOL,JRENT,JCENT, ICENT,
AIKENT,IORDER,ICOL,NPQ)

DOUBLE PRECISION C,X

INTLGER PIVROw,PIVCOL,OPROW

DIMENSION CALC1(1),CALC2(1),JCOL(1),JRENT(]1),JCENT(1),ICOL(1])

DIMENSION ICLENT(1),IRENT(1),IORDER(1)

ZTEST=0.0

NAA=9

BUILD IKRENT, ICENT, AsD ICOL

DO 1 I=1,NU

IRENT(I)=JRLNT(T)

ICENT(I)=JCLNTI(I)

DO 1 J=1,5

ICOL{I+(J-1)*ied)=JdCOL(I+(J~1)*NPQ)

DO 24 LKJ=1,NU

IF(ITLx.NE.]1) GO TO 4

IL=10u000

DO 2 I=1,nU

IF(IReNT(L).GE.IK.OR.IRENT(I).LE.O)GO TO 2

PIVkow=I1

IK=IRENT(I)

CONTINUL

IORDLR(LKJ)=PIVROw

IK=100000

IC=IRLENT(PIVROW)

DO 3 I=1,IC

II=ICOLIPIVROwW+{I~-1)*NPQ)

IF(ICENT(IT).GhL.1K.OR.ICENT(II).LE.O)GO TO 3

PIVCOL=11

IX=ICLNT/II)

I1Y=1

CONTI VUL

IOKDERI LKJ+NPY)=PIVCOL

IORDLR(LKJI+2*NPQ)=1Y

GO Tu 5

PIVKUN=TURDLRILKJ)

PIVCOL=TURDLRILKI+NPQ)

IY=TORDLR(LKJ+2*NPQ)

A=CALCLIPIViOA+(IY~1)*NP)

IC=InbNTIPIVEUWN)

o 6 J=1,IC

CALCLIPIVROUW+(J~-1)*NPQ)=CALCL(PIVROw+(J-1)*NPO)/X

CALCLI PIVRON+{ IY~-1)*nNPQ)=1.0

CALC2(piVirUn)=CALC2(PIVROw) /X

bu 22 1I=1,nNU

IF(ICENY(PIVCUL),LQ.I)GO T 23

IF(I . EQ.PIVROAN) GO TO 22

IC=IA85(IRENT(I))

DO 21 J=1,IC

IFIICOL( I+ J=]1)*NPR)Y~-PTVCOL) 21,7,22

OPROW=1

JROv=1]

JKpI=1

C==CALCL(OPKROW+(J~1)*NPYQ)
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8.4.7 (Continued)

X=CALC2(PIVROW) *C+CALC2(0OPROw)
CALC2(0OPROW ) =X
8 CONTIJUL
IF(ICOLIPIVROW+(JKPI-1)*1i2)).EQ.0) GO TO 22
IF(ICOL(OPROwW+(JKOP~1)*NPQ).LQ.0) GO TO 9
IF(ICOL(PIVROw+(JKPI-1)*UrQ)-ICOL(OPROW+(JKOP~1)*NPQ)) 9,12,
120
9 IRENT(I)=IRLNT(I)+1
IF(IRENTII).LE.O) IKBWT(I)=IRENTII)~2
II=IABS{IRENT(I))
IF(I1I.GT.NAA)wWRITL(6,10)1II
10 FORMAT(10X,*eXCurbli VAL COLUMN WUMBER*,I10)
IF(II.GT.NAA)>TOP
JKL=JKOP+1
11 CONTINUL
Ix=1I-1
CALCI1(OPROW+(II-1)*NPQ)=CALC1(OPROW+(IX~1)*NPQ)
ICOL(OPROWH{II-1)*NPQ)=ICOL(OPROW+(IX-1)*NPQ)
II=1X
IfF(II.GL.JKL) GO TO 11
X=CALCl{PIVROW+(JKPI-1)*NPQ)*C
CALC1 (OPROv+ (JKOP-1)*NPQ)=X
ICOL(OPROw+{JKOP~1)*NPQ)=ICOL{PIVROW+(JKPI-1)*NPQ)
IX=ICOL(OPROW+(JKOP~-1)*NPQ)
ICENTIIX)=ICENT(IX)+1
GO TO 19
12 IX=ICOL(OPROW+(JKOF~1)*1iPQ)
IF(IX.EQ.PIVCOL) GO TO 13
X=CALCL(PIVROW+(JXPI-1)*NPQ)*C+CALCL(OPROv+(JKOP-1)*NPQ)
CALC1(OPROWw+(JKOP~1)*NPQ)=X
ATEST=DABS{X)-ZTEST
IF(ATEST.GT.0.0)GO TO 19
13 ICENT(IA)=ICENT(IX)-1
IRENT(OPKOwW)=IRENT(OPROW)~1
IF(IRENT(OPROW))16,14,17
14 CUNTINUEL
wRITE(6,1b)
15 FORSAT(LOX,*SINGULAR MATRIX~-NO SOLUTIUN*)
S1TUP
1o CONTInNUL
IRENT(OPROv)=IRENT(OPROW)+2
17 IX=TABB(IREJT({OPROwW))
DO 18 WK=JKOF{,IX
CALCL{I+(NK-1)*NPQ)=CALCLl{I+NK*NPQ)
18 ICOL(I+(NK-1)*NPQ)=ICOL(I+NK*NPQ)
IX=1IX+1
ICOL(I+(IX~1)*nNPQ)=0
JKPI=JKPI+1
GO TO 8
19 JKPI=JKPI+l
20 JKOP=JKOP+1
GO 10 ¥
21 CONLINUE
44 CUNTINUE
43 CUNTLINULE
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EECRE . Lol

8.4.7 (Continued)

IRENT({PIVROW)==IRENT{PIVROW)

ICENT(PIVCOL)=~ICENT(PIVCOL)
44 CUNTLNULE

DU 45 1=1,NU

Ii1=1CuL(1l)
Z5 CALCL(11)=CALCZIL)

RETURN

END
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8.5 VISD Subroutine

The VISD subroutine controls the computation of the fluid viscosity,
density, and a viscosity pressure correction factor at the system operating
temperature. The fluid density and viscosity are also calculated for a temper-
ature of 100°F. The VISD subroutine directs the proper data to the [NTERP
subroutine which actually handles the calculation procedure.

8.5.1 Math Model - Not applicable

8.5.2 Assumptions - Not applicable

8.5.3 Computations - The first call to INTERP returns with the fluid density
(DENS) at the system operating temperature. The next call gives the density
at 100°F (D100). The third call to the INTERP subroutine yields the FLUIDF
term which is a viscosity-pressure correction factor. A DO loop is set up
with the number of viscosity data points NVIS at the upper parameter. If
the system temperature is the same as the input viscosity data temperature
input by the user, the viscosity is taken directly from the input data. The
same applies if the 100°F temperature is an input point. If either tempera-
ture cannot be found in the input data, INTERP is called to compute the
appropriate viscosities, Shenld a viscosity value ever be a negative
number, which could result trom erroneous data input, IERROR is set to one
and program control is passed to SFAN where an error message 1s output.

8.5.4 Approximations - Not applicable

8.5.5 Limitations - The parameters computed for the FLUIDF term rely on the
ugser input viscosity-temperature data. An erroneous FLUIDF factor may be
calculated if extrapolation outside the data range is required.

For any viscosity-pressure correction factors that are computed as nega-
tive values, FLUIDF is set to zero and thus there are no pressure correction

terms used in the program.
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8.5.6 VISD Variable Names

0 = No error
1 = Program Termination
IND Interpolation Indicator -

0

Normal Interpolation

1

Extrapolation Outside the
range of data points

The data variables stored in labeled common are explained in

Data section of the Main Program description.
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Variable Description Dimensions
I Current Viscosity Data Point -
IERROR Error Indicator -
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8.5.7 VISD Subroutine Listing

SUBROUTINE VISD
C REVISED MARCH 3,1975

COMMON /BLK1/TEMP,VISC,DENS,D100, PAMB,ALT,FLUIDF,FLUIDK,V100
COMMON /BLK2/VVISC(9),VTEMP(9),DDENS(2),DTEMP(2),NVIS
COMMON /BLK7/IERROR
CALL INTERP(TEMP,DTEMP,DDENS,10,2,DENS, IND)
CALL INTERP(1U0.,DTEMP,DDENS,10,2,D100,IND)
CALL INTERP(TEMP,VTEMP,VVISC,12,NVIS,FLUIDF,IND)
DO 1 I=1,NVIS
IF(TEMP.EQ.VTEMP(I))VISC=VVISC(I)
IF(VTEMP(1).EQ.100.)V100=VVISC(I)

1 CONTINUE
IF(VISC.NE.0.)GO TO 2
CALL INTERP(TEMP,VTEMP,VVISC,11,NVIS,VISC,IND)

2 1F(V100.NE.0.)GO TO 3
CALL INTERP(100.,VTEMP,VVISC,11,NVIS,V100,IND)

3 IF(VISC.GT.0..AND.V100.GT.O.)RETURN
LIERROR=1
RETURN
END
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8.6 DARR Subroutine

The DARR subroutine is used in conjunction with element type 10 data
stored in BRANCHP array to provide the data points in two arrays for use
by the INTERP subroutine. The data stored in BRANCHP array have to be re-
located and put into a dummy array for use by the INTERP subroutine when
a pressure drop is required from one of the special components.

8.6.1 Math Model
Not applicable.

8.6.2 Assumptions

Not applicable.

8.6.3 Computations

Two arrays DARR1 and DARR2 are dimensioned to the maximum number of data
points for any one element in the special element array. That number is
brought through the subroutine argument with the variable name M, when M
is greater than 1. The row location in the BRANCHP array of the element
is K. A DO loop is set up to take the first M data points from BRANCHP
and insert them into the DARR1l array. Another DO loop places the next M
data points into the DARR2 array. These two arrays with the special element
data points are then passed back to the calling subroutine.

8.6.4 Approximatious

Not applicable.

8.6.5 Limitaticns

Not applicable.
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8.6.6 DARR Variable Names.

Variable

BRANCHP

DARR1

DARR2

1,16,IH,11,J,J1
K

M

NBP2

Description

Dynamic element data storage array
Dummy array containing M number of flow
data points

Dummy array containing M number of
pressure data points

Integer counters
Row location in PEC10 array

Number of data points

Total length of BRANCHP array

Dimensions

GPM

PST

The description of the information stored in each element array may

be found in the individual element subroutines.
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DARR Subroutine Listing

SUBROUTINE DARR(DARRL,DARRZ,4,K,BRANCHP,NBP2)
DIMLNSION BRANCHP(1),DARR1(#),DARRZ2(A)
IG=M+5

I=1

bDu 1 J=7,1G

DARKI(I)=BRANCAP(K+J*NBP2)

I=I+1

I1=1

IH=M+1IG

IG=1IG+1

D0 2 Jl=Ig,Id
DARR2(I1)=BRANCHP{K+J1*NBP2)

I1=11+1

RETURN

END

258

¥

N o R




.

8.7 VCHEK Subroutine

When the system is initially assembled, a flow direction is assumed for the
check valve, one way restrictor and relief valve, element types 3, 31 and 33
respectively. The check valve flow is initially assumed in the free flow direction,
the one way restrictor in the restricted flow direction and the relief valve
in the relief flow direction, but with the valve closed. This is done for stability
during the system balancing. When the system is balanced, a call to VCHEK checks
to see that the assumed flow direction was correct. If the assumed flow direction
was incorrect, the indicator is changed in the element data array to use resistance
factors for flow in the other direction. The indicator, IC, is then given a value

of 1 so that a rebalance of the system will again be done,

ey 3
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8.7.1 VCHEK Variable Names

Variables Description Dimensions
BLEG General purpose array --
BRANCHP Array containing dynamic element data -
1 Integer counter -
IC Indicator to rebalance system -
ILEP Array containing pressure point -

numbers at end of each leg

KC,LC Integer counters -
LEG Leg number (row in BLEG) -
MC Integer counter -
ML Total number of legs in system -
NBP2 Total number of rows in BRANCHP array -
NL Total number of rows in BLEG and ILEP --
arrays
NPQ Total number of rows in PQL array -
PQL Array containing pressure point data --
Q Leg flow rate -~
Ty Element type --
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«7.2 VCHEK 3ubroutine Listing

SUBROUTINE VCHEK(HL,IC,BRANCHP,NBP2,BLEG,NL,ILEP,PQL,NPQ)
DLAE NSTON PQL(1) ,BRANCHP(1),bLEG(1),ILEP(1)
MC=0
LC=0
KC=0

1 DO 6 1=1,N8P2
TY=BRANCHP(I)
1¥(TY.EQ.0.)G0 1O 7
LEG=BRANCUP(I4+20*NsP2)
IF(TY.EQ.3.)G0 TO 2
IF(TY.EQ.31.)C0 TO 3
IF(TY.EQ.33.)G0 TO 4
GO TU 6

2 Q=BLEG(LEG+2*NL)
IF(BRANCHP(I+7*NBP2).EQ.—1.)GO TO 6
IF(Q.GT.O..AND.BRANCHP(I+6*NBP2).EQ.I.)GO TO 6
IF(Q.LT.O..AND.BRANCHP(1+6*NMP2).EQ.Z.)GO 0 6
BRANCHP ( I+7*NBP2)=-1.
KC=KC+1
GO TO 6

3 (=BLEG(LEG+2*NL)
15 (BRANCHP( I+12*HNBP2).EQ.~1.)GO TU 6
IF(Q.GT.U..AND.MRANCHP(I+10*NBP2).EQ.l.)GO TO o
IF(Q.LT.O..AND.BRANCHP(I+lU*NuP2).EQ.2.)GO TO 6
BRANCHP( I+12*N5 P2 )=-1.
LC=LC+1
GO TU 6

4 IF(BRANCHP(I+7*NBP2).EQ.—l.)GO TQ ©
IF(BRANCHP(I+7*NBP2).EQ.—I.)GO TO 6
IF(Q.GT.O..AND.BRANCHP(I+6*NBP2).EQ.l.)GO TO 5
IF(Q.LT.O..AND.ARANCHP(I+6*NBP2).EQ.2.)G0 TO 5

GO TO 6
5 IF(A&S(PQL(ILEP(I))-PQL(ILEP(I+NL))).LT.BRANCHP(I+5*NBP2))GO TJ
16

BRANCHP(I+7*NBP2)=-1.

MC=1C+1

6 CONTINUE

7 CONTINUE
IF(MC.GT.0.0R.LC.GT.0.0R.KC.GT.0)IC=1
RETURN
END

- ew—— -
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8.8 ACTCHEK Subroutine

ACTCHEK subroutine is used to determine whether or not there is
cavitation in an actuator. The system is allowed to initially balance
with a negative pressure in an actuator. When ACTCHEK is called, a check
is made to see if a pressure was negative. If it is the pressure is set to
0 psi and an indicator (IC = 1) is passed to CALC subroutine to indicate a
system rebalance is necessary. Additionally, NPQL2 array is reset to include

the additional fixed pressure point.
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8.8.1  ACTCHEK Variable Names

Variables

BRANCHP
Ic
INDEX
J,J1

KOUNT

NBP2
NE
NPQ

NPQL2

NR
PCHECK
PQL

TEST

Description

Array containing dynamic element data
Indicator to rebalance system
Pressure point number

Integer counters

Row location in PCHECK array

Branch point number of actvator

Total number of rows in BRANCHP array
Actuator extend pressure point number
Total number of rows in PQL array

Array containing fixed pressure point
numbers

Actuator retract pressure point number
Dummy array for actuator data
Array containing pressure point data

Calculated internal actuator pressure
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8.8.2 ACTCHEK Subroutine Listing

w N

TR~

SUBROUTINE ACTCHEK(N,IC,BRANCHP ,NBP2,PQL,NPQ)
CUECK FOR CAVITATION IN ACTUATORS
DIMENSION BRANCHP(1),PQL(1)
COMAON /BLK3/NPQL2(20),PQL2(20)
DIMENSION PCHECK(25,5)
KOUNT=U
DO 3 J=1,NBP2
IF(BRANCHP(J) .NE.4.)GO TO 3
I¥ (BRANCHP(J+13*NBP2).EQ.0.0)G0 TO &
WE,NR ARFE. PRESSURE POINTS FOR ACTUATOR
NE=BRANCHP (J+3%*NpBPp2)
NR=BRANCHP (J+4*NBP2)
I¥ (PQL(NE).GE.0.0)GO TO 1
CAVITATION ON EXTENDING SIDE
KOUNT=KOUNT+1
PCHECK(KOQUNT, 1)=NE
PCHECK(KOUNT,2)=4.
PCHECK(KOUNT 3)=PQL(NE)
PCHECK(KOUNT ,4)=1.
PCHECK(KOUNT, 5)=J
WRITKE(6,2) (PCHECK(KOUNT,K),K=1,5)
IF (PQL(NR).GE.0.0)GO Tu 3
CAVITATION ON RETRACTING SIDE
KOUUT=KOUNT+1
PCHECK(KOUNT ,1)=NR
PCHECK(KOUNT,2)=4.
PCHECK(KOUNT,3)=PQL(NR)
PCIIECK(KOUNT, 4)=~1.
PCHECK(KOUNT,5)=J
WRITE(6,2) (PCHECK(KOUNT,K),K=1,5)

FORMAT(” “,15H PCHECK ARRAY VSF12.2)
CONTINUE

IF (KOQUNT.EQ.U)RETURL

TEST=0.

DO 5 J=1,KOUuT
IF (PCUECK(J,3).GT.TEST)GO TO S
TEST=PCiECK(J,3)

INDEX=PCHECK(J,1)

CONTLNUE

Jl=n+1

DO 6 J=Ji,20

NPQL2(J1)=0

NPQL2(.+1)=1NDEX

PUL(IADEX)=0,001

IC=1

WRITE(6,7) (NPQLZ(K) ,K=1,J1)
FORAAT(” 7,150 NPQL2 ARRAY ,5¢12.2)
RETURN

END

264

— P ——




8.9 FLOCHEK SUBROUTITNE

Subroutine FLOCHEK is used to test the type 37 flow regulator and type 38
orifice sizer. The flow regulator is tested to see that the calculated pressure
difference is greater than zero or the minimum input pressure. If the pressure
difference is less, an indicator,IC=1,is passed back to CALC subroutine and
another indicator is passed to BRANCHP subroutine. The BRANCHP indicator is
used bv the DVS034 dynamic calculation subroutine to indicate that a different
method of calculation is required whether or not a svstem rebalance is necessary.

The orifice sizer section of the program calculates an orifice diameter
for the input flow rate in the leg. The pressure drop for the orifice is
calculated under dynamic conditions. If the input flow rate is too high and

gives a negative pressure drop calculation, an error message is printed.
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8.9.1 FLOCHEK Variable Names

Variables

BLEG
BRANCHP

DP

DP1

IC

ILEP

IPl

Ip2

NBP2

NL

NPQ

PQOL

Description

General purpose array
Array containing dynamic element data

Pressure difference from inlet to
outlet of flow regulator

Minimum pressure difference for
rated flow through flow regulator

Integer counter
Indicator to rebalance system

Array containing pressure point
numbers at end of each leg

Inlet pressure point number to flow
regulator

Outlet pressure point number to flow
regulator

Total number of legs in system
Total number of rows in BRANCHP array

Total number of rows in BLEG and ILEP
arrays

Total number of rows in PQL array

Array containing pressure point data
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8.9.2 FLOCHEK Subroutine Listing

SUBROUTINE FLOCHEK(IC,BRANCHP,NBP2,BLEG,NL,POL)
DIMENSION PQL(1),BLEG(1),BRANCHP(1)
COMHON /BLK1/TEMP,VISC,DENS,D100,PAMB,ALT ,FLUIDF,FLUIDK,V100
DO 6 I=1,NBP2
TY=BRANCHP(I)
IF (BRANCHP(I).EQ.O.)RETURN
IF(TY.E(}.37..0R.TY.EQ.38.)G0 TO 1
GO TO 6

1 IP1=BRANCHP( I+3*NBP2)
IP2=BRANCHP ( I+4*NBP2)
DP=PQL(IP1)-PQL(IP2)
DPY =BRANCHP( I+6*NBP2)
LEG=BRANCHP ( I+15%NL)
1F(DP1.LE.DP)BLEG(LEG+2*NL)=BRANCHP( I+5*NBP2)
IF(TY.EQ.38.)GO TO 2
IF(DPL.LE.DP)GO TO 6
IF ( BRAUCHP ( I+8*NBP2) .EQ.1.)GO TO 6
BRANCHP ( I+8*NBP2)=1.
1C=1
GO TO 6

2 Q=BRANCHP(I+5*NBP2)
IF(DP.LE.0.)GO TO 4
PAVG=( PQL(IP1)+PQL(1IP2))/2.
DENP=( 1+(PAVG/200000. ) ) *DENS
DIA=SQRT(Q/(236.% .6%SQRT(DP/DENP)))
WRITE(6,3)B8RANCHP( I+NBP2) ,DIA

3 FORMAT(//~ ORIFICE DIA‘ETER FOR JCT NO. “,F4.0,” = ",F5.3//)
GO TO 6

4 WRITE(6,5)Q.3RANCHP(I- NBP2)

5 FORMAT(//”® °, ***ERROR***CANNOT SIZE ORIFICE FOR THE GIVEN”,/, FLO
LRATE OF 7,F8.2,”7 GPM AT JCT NO. ~,F4.0,//)

6 CONTINUE
RETURN
END
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8.10 MTRCHK SUBROUTINE

Subroutine MTRCHK tests BRANCHP for hydraulic motors after a system
balance is made. 1If the calculated flow through the motor is negative, this
is an abnormal condition. An indicator is placed in BRANCHP to signal the
dvnamic calculation subroutine DMTR8 that a different calculation method is

required. An indicator, IC=1, is passed to CALC subroutine to indicate a

system rebalance is required.
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8.10.1 MTRCHK Variable Names

Variable Description Dimension
BRANCHP Dynamic element data storage array -

1 Integer counter -

1C Indicator to CALC subroutine to rebalance system -
NBP2 Total number of rows in BRANCHP array -

Q Flow rate GPM
TY Element type --

i
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8.10.2 MTRCHK Subroutine Listing

SUBROUTINE HTRCHK( BRANCHP ,NBP2,1C)
DIMENSION BRANCHP(1)

DO 1 I=1,NBP2

IF (BRANCHP(I).£Q.0.)RETURN
TY=BRANCHP(I)

IF(TY.NE.8.)GO TO 1
Q=BRANCHP(I+13*NBP2)
IF(Q.LT.0.)BRANCHP( I+14*NBP2)=1.
IF(Q.LT.0.)IC=1

CONTINUE

RETURN

END
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8.11 Subroutine GRAPH2 and SCALED

Subroutine GRAPH2 plots the selected junction and flow, pressure or

actuator position versus time.

will be selected from SCALED subroutine.

8.11.1 GRAPH2 Variable Names

Variable

1

ICHART (-)
IPCHAR (1)
ISP

ISPACE (-)

JJ

LINE
NPLTPT
OMEGA (-)
XAX
XDELTA
XMAX
XMIN

Y
YDELTA
YLAST
YLO
YMAX

YMIN

Description Dimension

Integer counter

X and Y axis write characters

Plot character

Integer counter for Y axis

Temporary variable for writing X and Y axis scales

Indicator for setting scales 33 =20 gzingbroutine
JT = 1 Use input valves

Integer counter for plot line number

Number of points per plot

Pump speed values

Temporary variable for writing X axis scale values

X-axis scale increment value

Last (highest) X axis value

First (lowest) X axis value

Temporary variable - Y axis scale value

Y-axis scale incremental value

Last Y-axis scale value

Lowest value in YPLT search range

Maximum value to be plotted

Mipnimum value to be plotted
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35_

Variable Description Dimension
YPLT (-,-) Array of value to be plotted --
Yup Highest value in YPLT search range --

SCALED Variable Names

Variable Description Dimension
AMAX Maximum value to be plotted --
AMIN Minimum value to be plotted -
IBOT Variable used to calculate Y axis scale values --
TEMAX Variable used to calculate Y axis scale values =
IEXP Variable used to calculate Y axis scale values -
ITOP Variable used to calculate Y axis scale values -
J Integer counter --
MANT Variable used to calculate Y axis scale values --
RANGE Range of values to be plotted -
RMAX Maximum Y axis scale value -
RMIN Minimum Y axis scale value —-=
SCALE (~) Scale factors for Y axis --
F
Y
)




8.11 2 GRAPH2 Subroutine Listing

SUBROUTINE GRAPH2(OMEGA,YPLT »NPLTPT, IPCHAR,JJ, YMIN, YMAX  XMIN , XiAX)

DIMENSION OMEGA(125),YPLT(125),ISPACE(101),
1XAX(6), ICHART(4), IPCHAR(1)
DATA ICHART/1HI,1H- 1i+,1H /
C-~—--SCALE X
1F(JJ.EQ.1)GO TO 3
XMAX=0MEGA(1)
XMIN=XAX
DO 1 I=2,NPLTPT
XMAX=AMAX1(XMAX , OHEGA(T))

1 XHIN=AMIN1(XMIN,OMEGA(I))
IF(XMAX.NE.XHIN)GO TO 2
XMAX=X1AX+50.
XMIN=XMIN-50.

2 CALL SCALED(XiAX,XMIN)

3 XDELTA=(XMAX-X!1IN)/100.
1F(JJ.EQ.1)GO TO 6

Cmmm—mm FIND Y-PARAMETERS
4 YMAX=YPLT(1)
YMIN=YMAX
DO 5 I=2,NPLTPT
YMAX=AMAX1(YMAX, YPLT(1))

5 YAIN=AMINL(YMIN,YPLT(I))
CALL SCALED(YMAX,YMIN)
IF(YMAX.NE.YMIN)GO TO 6
YIAX=Y:AX+25.
Y:AIN=YMIN-25.

6 YDELTA=(YMAX-YMIN)/50.

[ ADVANCE TO TOP OF NEXT PAGE
WRITE(6,7)
7 FORMAT (1H1)
C---—LOOP FOR EACH PLOT LINE

Y=Y4AX + YDELTA
8 DO 27 LINE=1, 51
YLAST=Y
Y=Y-YDELTA
YUP=Y+YDELTA/2.
YLO=YUP-YDELTA
y C==m== FIRST + LAST CHARACTER ON LINE = AI*
ISPACE(1)=ICHART(1)
ISPACE(1U1)=ICHART(1)
C~-~=~FIRST + LAST LINES ALL *=%, EXCEPT *+* IN COL. 11,21,31,...81,91
IF(LINE.NE.1.AND.LINE.NE.51) GO TO 12
9 DO 11 1SP=2,100
1F((ISP-1).EQ.(1ISP-1)/10*10)G0 TO 10
ISPACE(ISP)=ICHART(2)
GO TO 11
10 ISPACE(ISP)=ICHART(3)
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8.11.2 (Continued)

11 CONTINUE
GO TO 17
C-----INITIALIZE COL.2-100 OF LINES 2=50 TO * %, QR *¥———wux *——% IF AX
12 IF(Y.LE.O..AND.YLAST.GT.0.)GO TO 15
13 DO 14 ISP=2,100
14 ISPACE(ISP)=ICHART(4)
GO TO 17
15 DO 16 1SP=2,100
ISPACE(ISP)=ICHART(2)
16 IF((ISP-1).EQ.(ISP-1)/10%10)ISPACE( ISP)=ICHART(3)
C-----SEARCH YPLT FOR VALUES IN RANGE YLO.LT.YPLT.GE.YUP
17 DO 23 I=1, NPLTPT
IF(YPLT(1).GT.YLO .AND. YPLT(I).LE.YUP)GO TO 18
GO TO 23
C-----FIND COLUMN NEAREST TO I-TH VALUE OF OMEGA
18 ISP=(OMEGA(I)-XMIN)/XDELTA + 1.5
IF(ISP) 23,19,20
19 1IsP=1
GO To 22
20 IF(ISP-102)22,21,23
21 1SP=101
22 ISPACE(ISP)=IPCHAAR(1)
23 CONTINUE
C--=--LINES 1,11,... 41,51 HAVE Y-VALUES---THESE, PLUS LINES 6,16,26,3
Commmm + 46 ALSO UAVE *+* IN COL 14101 IF NO PLOT CHARACTER PRESENT
IF((LINE-1).NE.(LINE-1)/5%5)G0 TO 25
IF(ISPACE(1).NE.IPCHAR(1))ISPACE(1)=ICHART(3)
IF(ISPACE(101) .NE.TPCHAR(1) ) ISPACE( 101)=ICHART( 3)
IF((LINE-1).NE.(LINE-1)/10%10)GO TO 25
Cmmmmm WRITE PLOT LINE
WRITE(6,24)Y, ISPACE
24 FORIAT(” °,1X,17X,F9.2,2X,101Al)
GO TO 27
25 WRITE(6,26)ISPACE
26 FORMAT(” °,1X,28X,101A1)
27 CONTINUE
C----~CALCULATE + PRINT X-AXIS VALUES
28 DO 29 I=1, 6
29 XAX(1)=XA4IN + (I-1)*20.*XDELTA
WRITE(6,30) XAX
30 FORMAT(” °,1X,22X,5(F9.2,11X),F9.2)
RETURN
END
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8.11.2 (Continued)

SCALED Subroutine Listing

SUBROUTINE SCALED(RMAX,RMIN)

DIMENSION SCALE(6)

DATA SCALE/.5,1.,2.,5.,10.,20./
RANGE=RMAX~RMIN

ALAX=RMAX

ANMIN=RMIN

TIEXP=ALOG1O(RANGE)

MANT=RANGE/10.**1EXP

1F (RANGE .GT . MANT*10 . #*TEXP ) MANT=MANT+1

GO TO (2,3,4,4,4,5,5,5,5,1),MANT

MANT=1

LEXP=IEXP+1

J=2

GO TO 6

J=3

GO TO 6

J=4

GO TO 6

J=5

IEMAX=ALOG10(RMAX)
RAAX=INT(ASAX/ 10 . #*IEMAX) *10. ¥*IEMAX
1F(RMAX.GE .AMAX)GO TO 8
RIAX=RMAX+.05%*SCALE(J)*10 . **IEXP

GO TO 7

RIIN=Ri{AX-SCALE(J)*10.**IEXP
IF(RMIN.LE.AMIN)GO TO 9

J=J+1

IF(J.LT.5.5)G0 T0 8

J=1

1EXP=IEXP+1

GO TU 8

IF (RMIN*AMI1.GT.0.)GO TO 10

RMIN=0.

RiAX=SCALE(J)*10.**1EXP
IF(RMAX.LT.SCALE(J=1)*10.**IEXP)RMAX~SCALE(J~1)*10.**IEXP
IF(RMIN.LT.0.)GO TO 11

IF(RMIN.GT. .1*RHMAX)GO TO 11

RHMIN=0.

RMAX=SCALE(J)*10.**1EXP

IF(RUAX.LT.AHAX )RMAX=SCALE(J+1)*10 , **IEXP
RETURN
ITOP=(RMAX-AMAX)/ (. O5S*SCALE(J)*10 . **1EXP)
IBOT=(AMIN=-RHMIN)/(.OS*SCALE(J)*10 . ¥*1EXP)
IF(ITOP.EQ.IBOT)RETURN

RMIN=RIIIN+IABS ((1TOP-IBOT)/2)*.05*SCALE(J)*10 . **IEXP
RIAX=RMIN+SCALE(J)*10, **IEXP

RETURN

END
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8.12 QTCALC Subroutine

Subroutine QTCAIC is used when running in the quasi transient mode.
8.12.1 Math Model - Entry to QTCALC is based on whether or not a time interval
was placed in QT15 array. Upon entry, an initial calculation is made to determine the
time step required to produce 101 points for a graph output plot. If no time
step is input, a default value of 100 time steps (101 data points) is used.
If less than 100 steps are called for, the graph plot will be only a partial plot.
If more than 100 steps are required, based on the input time interval and time
step data, only 101 points will be saved and plotted. These points are spaced
throughout the time interval and the storage location for the graph plot is given

as the integer truncation plus 1 as follows:

Number of Time Step x 100

NTSP = Total Number of Tii  Steps

For example if preliminary calculation showed that 280 time steps would be taken
during the quasi-transient calculations and the 13th time step was taken, the
graph storage location would be only the 5th.

13 x 100

NTSP = ~780

+1= 5

All calculated time steps are output in tabulated form even though only selected

points may be output in graph form. The data for the quasi-transient run is

initialized before the first calculation is made. A check is made of the quasi-
transient data arrays (QT1l6, QT17 and QT18) to determine initial component

positions and other parameters. As each time step is taken, the component element
parameters are updated before .the new calculation is made. The update of the parameters

are made to the element data contained in BRANCHP array only. Data in arrays

2le




QT16, OT17 and QT18 are used only to determine which data is to be placed in
BRANCHP array positions.
8.12.2 Computations
The system is initially balanced at time zero (t = 0). Then, time
is increased one time step. Using the initial load conditions and valve

positions, the system volume changes at actuators and accumulators are calculated

to give a pertubation to the system.

QO x At = A Volume 0-1

New positions for actuators and accumulatotrs are calculated. Using the
new positions, average loads and pressures are calculated for the time step.

LOAD. . = LOAD, + LOAD, P . Pyt R

AVG 0 AVG B

The system is balanced again using the average conditions of load and pressure.
Final volume changes are calculated which give the system volume changes for the
time step. If a valve position signal changes or an actuator piston bottoms
somewhere during the time step, the calculation is used only for that part of

the time step. Values are reinitialized and calculation is made for the remainder
of the time step. This procedure is followed until all time steps have been taken.
At the beginning of each time step flows and pressures are initialized; therefore
a minimum of two calls to CALC subroutine are made. A description of quasi-transient

data output is given in Section VII.
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8.12.3 QTCALC Variable Names

Variable

BLEG
BRANCHP
CALCl
CALC2

ICENT

ICOL

IDIAG

ILEP

INEG

IORDER

IPQL2

IRENT

JCENT

JCOL

JEM

JNEC

Description
General purpose array
Dynamic element data storage array
Matrix of coefficients
NU matrix of constants

Array containing number of non-zero elements
in each column of CALCl1

Array containing column location of each
non-zero element of CALCl

Array which identifies which columns of
CALCl contain positive conductance values

Array of leg numbers with up and downstream
pressure points

Array which stores the second appearance
of a negative conductance value

Array giving pivot selection based on
min-row min-column criteria

Integer counter

Array containing number of non-zero elements
in each row of CALCl

Array identifying the number of non-zero
entries in each column of CALC1

Array identifying the non-zero filled columns

of CALCL; the rows correspond to the rows of CALCL;
elements in each row correspond to column number
in each row of CALCl1

Total number of pressure points in the system
Array which identifies which column in CALCl

contains the first appearance of a negative
conductance value in CALCl array
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8.12.3 (Continued)

Variable Description Dimensions
NBP Total number of elements in BRANCHP array -
NBP2 Total length of BRANCHP array --
NL Total length of BLEG & ILEP array -
NPQ Total number of rows in PQL array -
NPQL2 Array containing row location in BRANCHP -—
array of element with fixed pressure
N16 Length of QT16 array --
N17 Length of QT17 array -
N18 Length of QT18 array -
N19 Length of QT19 array -
PAMB Atmospheric ambient pressure PSI
PQL Array containing calculated pressures, -

element types and junction numbers

PQL2 Array of constant pressure point junction -
PRINT Array containing output types -
QT15 Storage array for quasi-transient temperatures -—
QT1l6 Storage array for additional element -

which used in quasi-transient calculations

Qri7 Storage array for quasi-transient valve data -
0T18 Storage array for quasi-transientvalve data -
qQrl9 Storage array to indicate quasi-transient -
output
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8.12.4 QTCALC Subroutine Listing

SUBROUTINE QTCALC(BKANCHP ,NBP2,PQL,NPQ,BLEG, iLEP,NL,QT15,QT16,N16,
1QT17,N17,QT18,N18,QT19.N19,4L N, JEii,CALCL,JCOL CALC2,
2JRENT,JCEJT, IDIAG,JNEG . INEG, IRENT,ICENT, IORDER ICOL,PQL2 ,NPQL2)

DIMENSION ARL1(7),AR2(7)

JIMENSION CALCLl(1),CALC2(1),JCOL(1) JRENT(1),JCENT(1),ICOL(1)

DIMENSION IDIAG(1),JNEG(L1),INEG(1l),bRANCHP(L)

DIMENSION ICENT(1),IRENT(1),IORDER(L)

DIMENSION BLEG(1),ILEP(1),PQL(l)

DIMENSION PyL2(1),NPQL2(1)

DIMENSION QT15(1),7T16(1),QT17(1),QT18(1),Qri9(1)

TI=QT15(1)

TF=QT15(2)

DT=QT15(3)

IF(DT.EQ.Q.)DT=(TF~-TI)/100.

Ts=(TF-TI)/bT

ITS=TS

DO 9 I=1,1000

IF(QT16(1).EQ.0.)GO TO 10

IF(QTL6(1).EQ.4.)GV TO 1

IF(QT16(1).EQ.7.)G0 TO 6

GO TO 9

AJCT=QT16( 1+N1%)

DO 2 J=1,NBP2

IF (BRANCHP(J).EQ.0.)GO TO 9

1F(BRANCHP(J) .EQ.4 . .AND.BRANCHP(J+NBP2) .E).AJCT)GO TO 3

CONTINUE

GO TO 9

STRP=BRANCHP(J+10*x3pP2)

NP=QT16(I+2*N16)

DO 4 K=1,7

ARL(K)=0.

AR2(K)=0.

DO 5 HaR=1,NP

ARL(NAR)=)QTL6(I+(2+NAR)*N16)

AR2(NAR)=QT1l6 ( I+(2+NA+IP)*N15)

CALL INTERP(STRP,ARl,AR2,10,NP,ALOAD,1)

BRANCHP(J+10*NBP2 )=ALOAD

GO T 9
5 AJCT=QT16(I+N16)

Do 7 J=1,NBP2

IF(BRANCHP(J).EQ.0.)G0 O 9

IF(BRANCHP(J) .EQ.7.) . AND.BRANCHP(J+NBP2) .LQ.AJCT)GO TO 12
CONTINUE

GO TO 9

AVOL=QT16(1+42*N16)

APRESS=QT16(1+3*nN16)

AlOVI=BRANCHP (J+9*NKP2)

AMOV2=BRANCHP (J+8*NBP2)

AMGV 1sBRANCHP(J+5*NBP2)
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8.12.4 (Continued)

20

21

22

23

24

25

27

CALL TTL(L,NL,5LEG LRANCHP,NBP2 ,1LEP, PUOL,NPQ)
PO 887 I=1,ML
WRITE(6,999)(BLEG(I+(J-1)*NL),J=1,16)

IF(IERROR .GT.O)RETURN

DO 20 IQ=1,ulL

G=BLEG(IQ+5*NL)

Q=ABS(BLEG (TQ+2%NL))

BLEG(IQ+5%NL)=Q/G

BUILD TUE CALCL ARRAY

DO 21 K=1,:IL

I=1ILEP(K)

J=ILEP(K+NL)

L=1DIAG(I)

LM=IDIAG(J)
CALCL(I+(L-1)*NL)=CALCL{1+(L-1)*NL)+BLEG(K+5*NL)
CALCl(J+(Ln-1)*NL)=CALC1(J+(LH—1)*NL)+BLEG(K+5*NL)
L=JNEG(K)

Li=INEG(K)

IF (L.NE.O)CALCI(I+(L-1)*NL)=CALC1(I+(L—1)*NL)-BLEG(K+5*NL)
IF (LH.NE.0)CALCL(J+(LH-1)*NL)=CALC1(J+(LH—1)*NL)-BLEG(K+S*NL)
BUILD CALC2 ARRAY

N1=N

IF(NPQL2(+1) . HE.D)NL=N+1

DO 22 I=1,x

[1=RPQL2(1)

CALCL(IL)=1.

CALC2(ILl)=PQL(11)~PQL(11+NPQ)

DU 23 I=1,J&

CALC2(I)=CALC2(I)+PQL(1+NPQ)

DO 24 1=1,:L

TF(BLEG(I+A*NL) .EQ.N.)GO TO 24
CALC2(ILEP(1))=CALC2(ILEP(I))-BLEG(I+4*L)*BLEG(I+5%L)
CALC2(ILEP(I+5L) )=CALC2(ILEP(I+4L) )+BLEG( I+4*NL)*BLEG(1+5*NL)
CONTINUE

IF(NPQL2(N+1) . EQ.0)C0 TO 25

J=NPQL2(1+1)

CALC2(J)=.001

CALL SIHULT(JEM,ITER,CALCL,CALC2,JCOL,JRENT,JCENT,ICENT,
1IRENT, TORDER, ICOL,NPQ)

DU 26 IM=1,JE:

PQL(I:)=CALC1 (M)

CONTINUE

CALCULATE NEW FLOW RATES

DU 27 1T=1,.iL

1U=ILEP(IT)

IV=TLEP(IT4+NL)
BLEG(IT+6*NL)=(PQL(TU)+BLEG(TT+4*iL)=POL(IV) )*BLEG(IT+5%NL)
CONTINUE

TEST HEW FLOW RATES

DO 31 T1J=1,\L

Q=BLEG( LJ+2*NL)

QUEW=BLEG( LI+H*NL)
IF(ABS(Q=QuEW) . LE.TUL)GO TO 31
IF(ABS(Q).GT.1.)GU Tu 24
IF(ABS(NQNEN) . LE.Y)GU TO 35
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8.12.4 (Continued)

28

29
30
31

32

33

34

35

30

1F(ABS(Q).CT. ABS(QIEW))GO TO 29
QBIG=QiEW

G0 TO 30

QRIG=Q

17 (ABS((Q-QUNEW)/QBIG).GT.TOL)GO TO 35
CONTINUE

IF(ITERL.GE.1)GO TO 32

ITERI=ITER1+1

GO TO 35

CONTINUL

D0 33 Tz=1 L

J=BLEG( IZ+2*{L)
IF(Q.EQ.0.)BLEG(IZ+2*NL)=.00001
CONTLuUE

IF(ITEK.GE .MAXITER)WRITE(G,34)
IF(ITER.GE .iiAXITER)STOP
FORIAT(1UX 4 2HEXCEEDED :AX NO OF ITERATIONS-CIHECK SYSTE!)
IC=0

CALL FLUCHLZK(IC,BRANC.IP,N3P2,BLEG,NL,PQL)
CALL VCHEK(ML,IC BRANCHP,NBP2,sLEG,SL,ILEP,PQL,NPQ)
CALL ACTCHLK(,IC,sRANCHP,XNBPZ,PQL,NPQ)
CaLL HTRCUK(BRAMCHP ,NBP2 ,1C)
IF(IC.NE.Q)GO TO 1

RETURN

RECALCULATE FLOW RATES

00 36 I=L,HL

Q=BLEG(I+2%*4L)

QNEW=BLEG( I+6*)L)
BLEG(I+2*NL)=(Q+QNEUW)/2.
IF(N.EQ.0.)BLEG(I42*L)=.00001

CONTINUE

IF(ITER.EQ.IAXITER)GO TO 32

ITER=ITEK+1

GO TO 15

END
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1.0 INTRODUCTION

The creation of a mathematical model to define a physical system requires
the establishment of a set of relationships among the individual elements of
the system. Operating conditions or parameters are inserted into the system
model which responds with solutions for these input values. The actual system
often may not be described by textbook relationships, for very few systems
actually model the book. A real-world solution must be found that involves
solving variables sometimes in terms of these same variables. This type
of solution procedure is ideally suited for the iterative processes of the
computer.

The mathematical system model developed for SSFAN solves for pressures
and flows in a multiple-loop aircraft hydraulic system. Figure A-l is a
schematic of an aircraft landing gear subsystem that is typically solved by
the math model. Figure A-2 is a line schematic of Figure A-1 and illustrates
the multiple-loop complexity (note cross branching) that is relatively common
in aircraft hydraulic systems. Other areas of concern in the development of
a good system mathematical model are developing good element models for the
pumps, actuators, accumulators, reservoirs, and other elements that have
variable flow vs pressure drop characteristics. In a simple unbalanced
actuator, the flow and pressure gradients are calculated through area ratios
and external force congiderations. A math model may handle the flow dis-
continuity well, but not the pressure one. A variable delivery pump presents
many parameters to consider, along with flow in and out of the ports. These
parameters include the internal leakage of the pump and the variation of
output flow with pump case and inlet pressure, including the decrease of
outlet flow when the pump inlet is cavitating.
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2.0 SOLUTION METHODS

Two analytical techniques were evaluted for solution of the multiple-loop
flow problem. One is a convergence method which balances pressure drops in
simple loops. The other is an iterative matrix method which balances flows
at branch points.

2.1 Convergence Method

The convergence method compares two legs at a time and relies on prior
calculation of values to arrive at new values. A flow division is assumed at
branches. Individual element pressure drops along one leg are summed and
compared with the pressure drops of the other leg. The flows are changed
and new comparisons of pressure drops are made. The iteration continues
until the pressures balance. The convergence routine starts at the pump
and assumes an exact flow split (Qo = Q1 + Q2) of flow combining at each
branch point in the system. The initial pump flow is estimated. The con-
vergence is begun at the innermost loop in the system and iterated outwardly.
Convergence is accomplished (see Figure A-3) using the initial flow estimate
split at P} and changing the flows in legs (1) and (2) until the pressure
drops in legs (1) and (2) balance at P2. The next loop to balance is
(P1 to P4). Using the initial flow split of legs (3) and (5), the pressure
drops are compared from (P3 to P4). If these do not balance, a new flow
split is assumed. When this occurs, the (P] to P3) loop has to be rebalanced.
Each outer loop change in flow requires a rebalance of all inner loops.
Figure A-4 represents an example of the difficulty involved in applying this
method to a simple system. Two legs cannot be paired before one branches in
with another leg. Since each loop is balanced separately, redundant com-
putations are required; therefore, this procedure becomes time consuming.
(Normally with this technique, one loop will converge in about 7 iteratioms.
For a complex system that contains 20 loops, 740 or approximately 8 x 1016
iterations are required.) This method uses a Newton~Raphson with an Atkins
delta squared technique for convergence.

2.2 Matrix Method

The matrix method balances flows for all the loops at one time through
the temporary assumption of linear resistance for each leg of the system.
The flow rate in each leg is changed through comparison of the calculated
flow useing the linear resistance and matrix solution pressures at each end
with the actual resistance using this calculated flow. Iteration continues
until the flows balance at all branch points.

Balancing system flows offers much more flexibility than the convergence
method. Each leg in the system is treated independently, allowing one to set
up a system of equations to solve for all the leg flows at once. The problem
of pressure discontinuities may be handled readily by insertion of the
additional pressure rise or drop to the specific legs where these step
changes in pressure apply.

D. G. Michaels used this technique in solution of multiple-loop flow
problems of low pressure systems. (Reference(A-l1)). The transition of this
technique to an aircraft high-pressure closed-loop hydraulic system presents
many problems. The simple unbalanced area actuator represents a flow and
pressure discontinuity. In this case, the pressure-in is converted to a force
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to move the load. The flow-out is proportional to the flow-in, but does not
equal it. The pressure-out is a function of the pressure-in, the intermal
friction, and the actuator external load. When the actuator stalls or in
some conditions reverses itself as a result of flight loads, the flow condi-
tions change. These problems were overcome by considering the actuator to
be a 2 branch point model. A flow gain or loss term is added, based on the
direction of motion of the piston and the ratio of the extend and retract
areas of the piston. The associated pressure gradient is applied to the
internal leg of the actuator. Figure A-5 compares an actuator to its SSFAN
subroutine model equivalent.

vt Pour
Rod Seal

QIN’ PIN

+_——
External
Load

—_—

A2 Net Area to
Retract Actuator

Al Net Area to
Extend Actuator

Piston Seal

ACTUATOR EXTENDING

QLOSS

INTERNAL LEG

QGAIN
———

P —@-
Upstream / \ Downstream
Leg 1 Leg 2

BRANCH POINT REPRESENTATION

FIGURE A-5

The pressures at the branch points represent the pressures on each
side of the actuator piston. The Qi,gg term is the difference between
Qin 3nd Qoyt- The pressure rise or loss across the actuator is inserted
in the internal leg of the actuator. Other prchlem areas in the flow
balance method included variable delivery pirps, an altitude-pressure
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dependent reservoir, multiple accumulators, check valves, servo-actuators, relief
valves, and one-way restrictors.

The steady-state flow problem of multiple-loop hydraulic systems by
definition requires the variables at any instant of time to be directly solvable.
Solutions to these variables are time independent, but may reflect any degree
of mathematical complexity.

The solution of flows in a hydraulic system requires a knowledge of the
pressure drop characteristics of the components in the system. The key to the
solution of the flow problem using the matrix technique lies in instantaneously
linearizing these characteristics and the solving for a leg resistance factor.
Once these factors are known, linear equations for flow may be written at the
points where two or more flows meet. A system of n equations and n unknowns
is the result. Each term contains only one unknown to the first power. For
more than three unknowns, this defines a hyperplane on which the solutions
to the system lie. These n values, when substituted back into the n equations,
satisfy all of them simultaneously.

2.2.1 Solution Technique

The actual solution development requires the application of Bernouli's
equation and the equation of fluid flow continuity to arrive at a resistance
factor (see Ref. (Al) and Section 3-2). Conductance is defined as the
inverse of resistance, and the conductance of a leg times the pressure
difference between the two leg ends yields a flow. With these basic facts,
an application of the flow continuity equation to any multiple loop system
will yield a system of simultaneous linear equations. For illustration,
the simple system in Figure A-6 1s developed.

(2)

(3)

FIGURE 4-6
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One can write an equation for each leg in the system based on conductance,
pressure drop, and flow. For Figure A-6, these are:

[}

Leg 1 Q, Gl(Pl-Pz)
Leg 2 Q, = GZ(PZ-PB)
Leg 3 Qq = G3(P2-P3) 1)
Leg 4 Q4 = GA(P3—P4)
Where Q@ = leg flow

leg conductance
pressure at the corresponding points

+J
won

Applying the continuity equation in terms of flow to each pressure point in
the system, one may write the following equations:

Gl(Pl—PZ) =0

Gl(Pz—Pl) + Gz(Pz—P3) + G3(P2~P3) =0 -
GZ(P3—P2) + 93(P3-P2) + GA(P3—P4) =0
GA(PA-PB) =0
Rewriting in terms of pressure:
Pl (+Gl)+ PZ(“Gl) = O
Pl(—cl) + Pz(cl+02+03) + P3(—G2—G3) =0 -
Pz(-Gz—GB) + P3(G2+G3+GA) + PA('G4) =0
P3(—04) + PA(GA) =0
Writing the set of equations (3) in matrix form:
r 1 - o
G1 -G, 0 0 P1 0
—Gl Gl«i-(,;2+G3 --G?—C3 0 P2 ) 0 -
0 -02—0 GZ+CB+G4 -04 P3 0
0 0 -G G P 0-]
i 4 AJ | Ad B

Examining the above G matrix, one notes that the sum of the elements in any
column equals zero. This reflects the conditions of continuity imposed on each
pressure point. One also may observe the symmetry of the G matrix. Evaluating
the determinant of G yields a value of zero. The G matrix is singular. Singu-
lar systems have their application in eigenvalue problems and consequently no

293




unique solution exists for this set of eguations. When adequate boundary con-
ditions to the system are specified, the singularity of the G matrix will be
removed and the system may be solved. Before boundary conditions are imposed,
note that the diagonal elements are all positive. This follows the convention
that resistive forces act in a positive way to oppose flow.

One must select reasonable physical constraints for an operating aircraft
hydraulic system. Assume point 1 in Figure A-6 to be the pressure port of a
variable delivery pump and point 4 the pressure in a bootstrap reservoir
referenced to pump out pressure. For simplicity a constant pressure of 3000
psi at point 1 and 50 psi at point 4 are chosen. Since P] and P4 are now
known, a new set of equations describing the system may be written.

Branch point equations for any system may now be written

where :
- - = 0
Zoy [PpPyra? 1-120Q (5)
L
PI = Pressure at branch point T
PJ = Pressure at branch point J
QL = Fixed flow rate in leg L
G1 = Fluid conductance in leg L
APL = Fixed pressure change in leg L

{

For the sample system of Figure A-6, these equations are:

Gl —Gl 0 0 Pl —Ql—Ap1G1+AP2(;2
-c1 Gl+(;2+G3 —02—63 0 P2 _ —QZﬁAPZGZﬁAP3G3 (6)

~Cy=G5 Gy*G4¥6, G4 [Ba]| Q3 aPG,P4G,

0 -c, ¢, |®, Q, -AP,G+aP,G,

Since P1 and PA are known, the equations for branch points 1 and 4 are

replaced with the constant pressure equations:

3000 7
= 50
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With these equations replaced. the final array appears in the form:

i 0 0 0 P, 3000 ]

-(:] G]+ GZ+ G3 —-GZ—G,3 0 P2 - -QZ-AP262+AP3(;3 (8)
0 -G2--G3 G2+C3+Gl0 —Gl& P3 ()_3—AP2G2+AP3G3

0 0 0 1 e, 50

Examining equation (9), one may note how fixed pressure rises or drops, ot
constant flows are accounted for in this method. For a fixed pressure rise
in Leg L , AP} 1is included in the summing of conductances around a branch
point. Constant flows, Q are also summed around the specified branch
point I.

The sign used for ¢ depends on the flow direction only. The sign
for AP; depends on the flow direction which in turn defines whether the term
is a pressure rise or drop. 1If flow is being added to a system at branch point I,
then the direction of Q;, 1is positive. For a pressure drop in a leg the sign
of AP; 1is negative for an upstream branch point and positive for the
downstream branch point. Applying equation (5) to every branch point, one may
write the total G matrix equation for a system of branch points in this form:

Vhere: GP = K ')
G = matrix of conductance coefficients
P = unknown branch point pressures
K = system constants

For a given coefficient matrix and constant matrix, the problem narrows down
to finding a good matrix solution technique.

Many methods are available to solve systems of simultaneous linear equatious.
Cramer's rule involving determinants is one of them. Briefly, Cramer's rule
gives solutions for the variables by evaluating determinants resulting from the
constant terms of the system, and constants from the variable terms. For large
numbers of equations, the nth determinant is evaluted by developing a row or
column and then developing each cofactor in turn. This procedure results in
n! multiplications. A system of 15 equations would require 15! or approxi-
mately 1012 multiplications. Since a computer can do about 10,000
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multiplications per second, it would take a little less than 4 years to
solve a system of 15 equations. Fortunately other solution methods exist

that are simpler and less time consuming. One of these methods is Gauss-Jordan

elimination using a compressed matrix format.

Calc matrix solution. The Gauss-Jordan solution process (References A2, A3,

This method is used in the

and A8) is eased on the three elementary row operations:

1. Interchange any two rows
2. Multiplication of a row by a scalar
3. Addition of a multiple of one rcw to

For a svstem of linear equations

another row.

a¥p tapx oo . Fapx =by
ay¥p T At * A%y = 5
. .t =
amlxl + am2x2 + amnxn bn
or, as expressed in matrix form
- —— - -
211 P : ‘ 3n [ b,
a21 312 . . a2m XZ b2
*m1 “m2 ’ ' mn *a bnj
- . L
5
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The matrix is then searched to find the row with the minimum number of
non-zero elements. If two or more rows satisfy this criteria, the row
with the smallest index is selected. After the pivotal row has been selected,
the columns with non-zero entries are searched and the column with the
minimum number of non-zero entries is selected. 1If two or more columns
contain the same number of elements, the column with the smallest number
of entries is selected.

The intersection of the pivotal row and column define one element
in the array, the pivotal element. The pivotal row is then normalized
by dividing it by the pivotal element. The rows with elements in the pivotal
column are then selected. The pivotal row is multiplied by the negative
of the element in the pivotal column of the row being operated on and the
two rows are added.

After all the elements in the pivotal column other than the pivotal
element are eliminated, a new pivotal element is selected.

After a pivotal element has been selected from each row, a triangular
matrix is obtained. (A triangular matrix is a square matrix that has
all elements either above or below the main diagonal). The triangularized
system appears in matrix form below:

i 1 a' R a' ] i X ) -b‘ 1
12 In 1 1
v X '
0 1 . a 7n 2 b 9
0 o . . 1 X '
| J L, 0 J Lb nJ

or writing out the equations:

X + a;, X, + .0 ... an, X, < b'1
+ . 0 .. =
X2 2n Xa b'Z
X =b'
n n
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Using the last equation wlich determines Xn, substituie [t int o nexi
the last equation to determine Xp-} and so on for the remaindc  f the
equations.

In writing the SSFAN program, the objective wa= t - so0l.. Tar.c.
sparse, system and to minimize the computer storage ani time veaquired.
This was accomplished by using a compressed array technnigue which stores
a minimum number of zero entrics. To winimize sto-age, a piant selection
method that produces the minimum number of non-zer - entries during the solutio:
process must be employed. The minimum row-minimun. <. lur. pivot selector
has been shown (reference A8) to be consistently faster and reduce fewer
terms than other pivot selectors.

The compressed matrix technique used (refirence A% requires the
storing of a minimum of zero valued entries in addition to the non-zero terms.
Since any pressure point in the SSFAN program has it most four connections,
any equation will have at most five non-zero entries (one for the pressure
point and one for each of the four connected pressurc points.). As rows
in the matrix are added in the solution process, new terms can be generated
to provide more than five entries in any one row. Experimenting with large,
complex, systems ranging up to 58 pressure points has shown the generation
of no row with more than eight non-zero entries. Bv storing onlv 8 entries
in each row, as opposed tc 58, the storing of 50 zuro entries per row
ar 2900 total entries can be eliminated.

The compressed matrix technique generates and uses six system pressure
point identification arrays. Specifically, these arrays are:

JCOL:
1) Dimension (M,5)

2) The final JCOL array (in compressed form) identifies the column-
in a square CALCl array which are filled with non-zerv terms.
The rows of JCOL correspond tu tie rows of CALCl, and the

elements in each row of JCOL correspond to the column number
in each row of CALCL.

3) Note: JCOL describes a square CALCl array in order !o be compatible
with the solution technique in SIMULT.

IDIAG:
1) Dimension (M)

2) The IDIAG array identifies whirh columns of CALCL contain the
positive conductance values, IDIAG(1) corresponds to the column
in which the positive conductance is located in the first row ¢! ti
CALC1 array. 1IDIAG(2) corresponds to the column in which the
positive conductance is located in the second row of the CALC1
array.
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JNEG:
1)

2)

INEG:
1)

2)

JRENT:

D

2)

JCENT:

1)

2)

3)

Dimensi- 0 (ML)

The JNEG arrav identifies which column in CALCl contains the first
appearance of a negative conductance value in the CALCl1 array.

For example, JNEG(4) records the first negative conductance

value of Leg 4. If INEG(4) = 3, then the first time a negative
leg 4 conductance appears is in vow 4, column 3 of the CALCl array.

Dimension (ML)
The INEG array differs from the JNEG arvay only in one respect,

that being the INEG array stores the second appearance of a negative
conductance value.

Dimension (M)

The JRENT array identifies the number of non-zero entries in each
row of CALCL.

Dimension (M)

The JCENT array identifies the number of non-zero entries in
each column of CALCl.

Note: JCENT describes a square CALCl.

To understand how the system pressure point identification arrays are
built, the example system of Figure A-7 is developed below.

_3;
3
i
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(12)

(2) (%) (3) (8)
(1) 3 (6) (7) (9) (11) (13) 1
lo— $—~f ? — -8
2 4 5 6 7 8 9 10
(10)

1 1 2

2 2 3

3 2 4

4 3 4

5 3 5

h 4 5

7 5 6 NUMBER OTF PRESSURE POINTS M = 10

8 6 7

9 6 7 NUMBER OF LEGS ML = 14
10 6 7
11 7 8 PRESSURE POINT 2 IS A CONSTANT PRESSURE POINT
12 3 8
13 8 9
14 9 10

ILEP ARRAY

FIGURE A-7

CALC EXAMPLE SYSTEM
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I.

II.

JCOL is filled with column numbers that contain non-zero entries in a square-

CALCl.

c

STORE NON-ZERO COLUMN NUMBERS 1IN JCOL
DO 1001 K=1,ML
I=ILEP(K, 2)
JoILEP(K, 3)
DO 1001 Kil=1,2
Jl=I
IF (K1.EQ.2)J1=J
DO 1001 K2=1,2
J2=1
DO 1001 Kk3=1,5
J3=JCOL(J1,K3)
IF (J3.NE.0)GO TO 1001
JCOL(J1,K3)=J2
J2=0

1001 IF (J3.EQ.J2)J2=0

Rows with constant pressure points are zerced and the diagonal

saved.

[
JCOL =

C LOAD CONSTANT PRESSURE NODES INTO JCOL

DO 1009 K=1,N
I1=NPQL2(K)
PO 1010 Jl=1,5
1010 JCOL(I1,J1)=0
1009 JCOL(Il,1)=I1
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JCOL =
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COWRNINAWVBEWN-

COWBNOWVEWN -~

1 2 3 4 5
1 2 0 0 0
1 2 3 4 0
2 3 4 S 8
2 4 3 5 0
3 5 4 6 0
5 6 7 0 0
6 7 8 0 0
7 8 3 9 0
8 9 10 0 0
9 10 0 0 0
element
1 2 3 4 5
1 2 0 0 0
2 0 0 0 0
2 3 4 5 8
2 b 3 5 0
3 5 4 6 0
5 6 7 0 0
6 7 8 0 0
7 8 3 9 0
8 9 10 0 (v}
9 10 0 0 ]




III. JRENT and JCENT are built. JCOL is rearranged so its entries are
in increasing order, and IDIAG is then built.

c BUILD JRENT,JCENT; REORDER JCOL; BUILD IDIAG
DO 1002 K=1,M

KOUNT=0

D0 1011 K8=l,5 JCENT = [1 4 4 3 &

3 3 4 3 2}

DO 1011 K9=i M
1011 IF (JCOL(K9,K8).EQ.K)KOUNT=KOUNT+1

JCENT (K)=KOUNT JRENT = [2 1 5 4 4

3 3 4 3 2

KOUNT=0 .
DO 1003 Kl=ly5
1003 IF (JCOL(K,Kl) .NE.Q)KOUNT=KOUNT+1

—
~

w
&
w

JRENT(K)=KOUNT
DO 1004 K2=1,KOUNT
1004 D(K2)=JCOL(K,K2)
DO 1005 Ké=1,KOUNT
TEST=0
DO 1006 K5S=1,KOUNT JCOL =
IF (D(K5).LT.TEST)GO TO 1006
TEST=D(KS)
TEST2=K5
1006 CONTINUE
K6=KOUNT+1-K4

CVOWAONICWVE WN -
VWO WARARUVMWNRNOND -
OWNNNOSTWWO N

—
—

—
COCX®~wWLWHSSLOO

CoOwCooOUVMUnOOo
COO0OOCOO0OO0O®MOO

JCOL(K,K6)=TEST
1005 D(TEST2)=0

K7=JRENT (K) IDIAG = |1 1 2 3 3

2 2 3 2 2]

DO 1002 KOUNT=1,K7
1002 IF (JCOL(K,KOUNT).EQ.K)IDIAG(K)=KOUNT

IV. JNEG and INEG are built to record locations of off diagonal elements.

c BUILD INEG, JNEG
DO 1007 K=1,ML

I=ILEP(K, 2) JNEG = [2 0 0 3 4 4 4 3 3 3 3 5 4 3]

J=ILEP(K, 3)
I11=JRENT(I)

J1=JRENT(J) INEG= [0 1 1 2 1 2 1 1 1

1 2 1 1 1]

INEG(K)=0
JNEG(K)=0
DO 1008 KOUNT=1,I1l
1008 IF (JCOL(I,KOUNT).EQ.J)JNEG(K)=KOUNT
DO 1007 KOUNTe=1,J1
1007 1IF (JCOL(J,KOUNT).EQ.I)INEG(K)=KOUNT
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The JNEG, INEG, and IDIAG arrays are used in CALC to build the compressed
CALCl array. The compressed CALCl array is a square CALC array with the non-
zero terms compressed together and the zero entries removed. The JCOL array
is passed to SIMULT to be used in the solution of the svstem. The JCOL array
is copied into ICOL in the SIMULT routine with ICOL being updated each time a
row operation is performed. JRENT and JCENT are also transferred to SIMULT .
to be used in the selection of pivotal elements.

For large systems of equations, considerable roundoff errors mav occur
in the solution matrix using a digital computer. In SIMULT, operations
known to result in a zero or one are bypassed and the element set to the correct
value. Also by using minimum row-minimum column pivoting, significantly
fewer eliminations are performed. Roundoff error is roughly dependent on
the square root of the number of operations involved in the elimination.

Another area of concern in the solution of simultaneous linear equations
is truncation errors. By the use of double precision, more accuracy may be
obtained, but computation time and computer cost become greater factors. In
SSFAN the pressure drops are computed based on a flow and the resistance in
each leg. CALC computes the conductance from the SSFAN calculated pressure
drops. The accuracy of conductance is therefore dependent on how well one
modeled the element flow vs pressure drop characteristics. These characteristics
are assembled linearly for each element in a leg: then, given a flow, a con-
ductance term results. Refer to Section 6 for a further discussion of this
concept.

2.2.2 Solution Summary and Convergence Criteria

Applying Gauss-Jordan elimination with minimum row-minimum column pivoting to the
SSFAN hydraulic svstem math model requires an iteration technique. The phvsical problem
to be solved involves non-linear values of svstem resistances. A unique solutica
exists for any hydraulic system. To find this solution, one first initializes
the flows in the system. The flow estimates are substituted into the equations
that represent the steady-state pressure drops in the legs. The conductance
value is then computed as G = Q/DP. This procedure is followed for every leg.

The values or leg conductances are now substituted into the G matrix, which,
combined with the system constants,are solved through Gauss-Jordan elimination
for pressures at each point in the system. A new pressure drop for each leg is
now computed using the new calculated values of pressure, and with previous
values of leg conductance, a new flow estimate is made. The procedure is
repeated until the old flow estimate and the new flow estimate are within a
specified tolerance for all legs in the system. The new flow estimate used to
update the iteration makes this method converge within a reasonable number of
iterations.

The new calculated flow from the matrix solution is averaged with the old
flow guess to yield another flow guess (Q') or

Q' = Q&QW + Qold D)
2
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From a computation viewpoint, one may readily agree to the simplicity of

this procedure. No prior values of flow are required; only the corrected value.

There are faster root finding convergence methods such as Newton's or Atkin's,
but these may also diverge under certain conditions. Reference A6 states that
the method of bisection or interval halving technique is '"guaranteed to locate
a root of the equation'. Reference A7 states that 'The greatest virtue of the
bisection method is that it is virtually assured to converge a root'. A few
graphic examples will serve to illustrate the validity of this prccedure.

Consider the solution of the flows and pressures of the system in

Figure A-6. A pressure drop relation for each leg in the system may be writtea
as:

DP(I) = K, + K,Q(T) + K3Q(I)1'75 + K0 (D)2 16/
where: DP(I) = Pressure drop in Leg I
Q(I) = Flow in Leg 1

Kl, K2, K3, K4 = Leg resistance coefficients for laminar,
transition or turbulent flow

Applying RBquation (16) to Leg (2) of Figure A-6, a graph of pressure drop
vs flow may be plotted (Figure A-8). The unique solution pressure drop in
Leg (2) is constant, hence the straight line AP is drawn. Based on the old
flow estimate (Q ), a new flow estimate (Q,) is Chosen to correspond to AP 2
This is shown grgphically by drawing a res%stance line R_ through the origin'
and finding the point where Ro crosses the APlz line. ThRis process is repeated
to yield a Q2 and so on.

One notes that after a few iterations, the flows start diverging. Using
the correction Equation (15), a better flow guess and step size can be made.

In Figure A-9,Ql is calculated in the same manner as in Figure A-8, the
difference now being that instead of using Ql for generating a resistance
slope, an average of Q, and Q1 (Qy3) is used. One can see from Figure A-8
that this procedure converges rapidly to a solution, not only for Leg (2),
but every leg in the system.

Briefly, the solution method for an entire system will follow the
procedure below.

(1) An initial estimate is made for all the flows in the system,
as was done for leg (2) in Figure A-9. This yields a specific
calculated AP for each leg.

(2) Knowing this AP and the estimated flow,calculate a conductance
factor for each leg.

(3) Insert these factors and system constants (as AP;y in Figure A-8)
in equation (10).
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(4) Solve for point pressures and using the previous calculated
conductance factors, claculate a new flow (Q) in Figure A-8).

(5) Test the new flow for convergence, using different convergence
criteria for flows greater than one GPM than for flows less than
one GPM.

(6) 1f these convergence criteria are not met, compute a corrected
flow (as Q in Figure A-9) for each leg and go to Step (1) and
repeat, usifig the flow from Step (6). The flows will converge
to satisfy each leg's characteristic flow pressure drop curve
and constant characteristics.

Different methods have been tried to weight and the corrected solution
in the direction of the new flow estimate, but none works as well as this
interval halving technique. An interval is found that contains the final

solution pressure drop value, and repeatedly halved until the solution is found.

The rate of convergence of the interval-halving method is dependent on
the way each new approximation is made. The interval within which the flow
will be located after i iterations is (1/2)1 times the original interval
Reference A5. Thus, the error in the ith approximation may be not more than
(1/2)1 times the initial interval on Q. For this method to converge, the
pressure drop equation (16) must be single valued for one iteration and only
one value of flow should exist in the initial interval (Reference 4). The
solution is slightly starting value dependent but for the range of flows for
aircraft hydraulic systems an initialization of 10 gpm has been included in
SSFAN. Flow initializations of less than one and greater than 100 gpm have
been tried, resulting in 3 to 5 more iterations before convergence.

One may look at the entire mathematical model of the steady state flow
system as being divided into two major parts. First a calculation of the
pressure drops in the system based on computer estimated flows is made, then
pressure points in the system are calculated based on the previous pressure
drops which give the conductance values. The more accurate the pressure point
values from the Gauss-Jordan elimination method with pivoting the more accurate
the flow guesses will be, and the better the solutions. Thus propagation
error does play an important role in this procedure. A mistake in one selec-
tion of a new flow may have its effect on the final calculated flows in the
system as well as system pressures. A #.1 allowable error tolerance in flow
can mean a 110 psi difference in pressures. That is why an error tolerance
of +.001 gpm is used when comparing old and new flows for final convergence.
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The SSFAN model was developed to solve any multiple-~loop aircraft hydraulic
system. This study has briefly surveyed the methods available for this solution
and the thought behind the selecting of certain procedures over others. Also,
the methods chosen were given a short summary to present their main attributes
and how SSFAN overcame some of their weaknesses. The solution procedure for
writing equations was presented and the method used in solving this system of
equations was illustrated. Convergence techniques were discussed along with
the part computational errors played in this iteration process.

The development of any mathematical model for a sophisticated system as
an aircraft hydraulic system, requires much time and effort to arrive at a
realistic portrayal of the actual system. The model once verified through
actual performance test data must be flexible enough to meet the requirements
for any new system the engineer may study.
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APPENDTX i:

Fluid Properties

Viscosity is ore of the most important properties of the fluid from the
standpoint of the steady state analysis, Viscosity is the internal resistance
to movement of one portior of a liquid in relation to another, Both temperature
and pressure affect viscosity and are taken into account in the SSFAN program,

Viscosity is defined by Newton's Law which states that at a given point

in a fluid, the shearing stress is proportional to the rate of shear.

S=nR 5 - shearing stress
R - rate of shear

n - coefficient of viscosity

Fluids which flow in accordance with Newton's Law are called "Newtonian Fluids"
where the coefficient of viscosity remains constant as the flow rate or rate of
shear is varied, This applies to lamirar flow only,

As the flow rate is increased, the ratio «f the shearing stress to rate
of shear decreases greatly at a critical point where the fluid flow is turbu-
lent, The fluid no longer behaves in Newtonian fashion, therefore other
relationships for the coefficient of viscositv have to be utilized,

A typical Mon-Newtonian fluid is MII~H=5606 fluid ccmmronlv usec in Military
Adircraft. This is a hy”rocarbon fluid ceriver from petroleum which with affitives
exhibits, (1) hieh viscositv index to give operabilityv over a wice temperature
range, (2) resistance to oxidation, (3) pood wear resisting properties, (4) resis-
tance to rust and to foamine, and (5) a long operaticnal life,

A typical lMewtorian fluid is MI[-H-B3282 fliif which has recently had limited
usage in Military gaircraft., This fluid is a synthetic hydrocarbor. ard with
acditives, exhibits characteristics much the same as MI[-H=560€ except that the

viscosity at low temperatures (~40€ ane below) increases to about five times
that of MIL~H-5606,
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The Skydrol 500 fluids are another example of a Newtonian fluid, These
are based on phosphate esters containing small amounts of additives to give
properties required by commercial or transport aircraft. These fluids exhibit
fire resistance and were designed to overcome the hazards of flammable hycdrau-
lic fluid coming in contact with hot grakes, exhaust manifolds or other ignition
sources if a line broke or a leak occurred,

Viscosity-Temperature

The ASTM chart is frequently quoted as being on the Walther log log
formula. This statement is incorrect, see Reference (Bl), although they are
similar in form. MacCoull published a chart in 1921 using the log log relation-
ship plus a constant. This was the form

log log (cSt + constant).= A - B log T ¢
His study resulted in selecting 0.7 as the constant for publication in
the 1927 International Critical Tables. An ASTM committee undertook a study
of the chart and selected .B as the constant for its first chart publication
in 1932. Their report credits the relationship to MacCoull. The ASTM committee
published an improved chart in 1937, later revised in 1943, in which a constant
of .6 was used down to viscosities of 1.5 centistokes. This chart ASTM
Designation D341 was used until 1974, 1In 1974 the standard was revised to
ASTM Designation D341-74 to "provide a significant improvement in linearity
over charts previously available under method D341-43," see Reference (B3).
It is noteworthy that the constant has been revised back to .7 which was
MacCoull's original constant in 1927 and his equation may be written

log log (¢St + .7) = A - Blog T (2)

The Walther equation was first published in 1928 without the constant.

In 1931 a constant of .8 was added. The Walther equation has continued to get

extensive use, particularly in Europe. The new ASTM charts of 1974 were
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derived with computer assistance to provide lineavity over » jreater range
on the basis of the most reliable of modern data. They are ».: up for
temperature in degrees Celsius, with provisions for degrees Rankine

during the interim period of changing to the metric syste:n.

The complete design equation for the chart is nor nseful for inter-
calculations of kinematic viscosity and temperature over the full chart kinematic
viscosity range. More convenient equations which .izree closely with the
chart scale are given below, Reference (B2). These are necessary when
calculating kinematic viscosities smaller than 2.0 centistokes. It has been
demonstrated, that the improved chart permits reliable linear extrapolation
into low-viscosity, high temperature regions which were not possible

previously. These equations are used for calculating viscosities in SSFAN.

log log Z = A - B log T 3)
Z=v+.7+exp (~1.47-1.84v-.51v°) %)
v =[Z -.7) -exp(-.7487-3.295[2~.7] (5

+ .6119[2-.7]1%-.3193{z-.71%)

A and B = constants

kinematic Viscosity

=]
[}

Temperature °R

Viscosity-Pressure

The viscosity of all fluids changes with pressure. These effects are
sometimes neglected in low pressure systems where moderate changes in
pressure are involved. However, for better analytical accuracy, these
effects shoyld be included in the analyses. Petroleum base fluids show
an appreciable increase in viscosity with pressure.

SSFAN uses the following equation to adjust the viscosity at higher

pressures:




: L 2.3 a%px10™

Up = “o (6)
“p = kinematic viscosity (centistokes) at pressure P

u_ = kinematic viscosity (centistokes) at atmospheric pressure

P = pressure in Psig

e = base of Napierian logarithms = 2,718

a = pressure coefficient of viscosity psig'l

a = %%9 an emperically derived temperature-dependent exponent

Based on the work of Professor E. Klause at Pennsylvania State University,
the pressure coefficient of viscosity for a number of fluids were
' determined. A cross reference is given by Professor Klause between the

ASTM slope, see Figure B-1 and the a coefficient.

The slope of the viscosity curve is *aken from Figure B2, If the
. viscosity of the fluicd at two temperatures of a fluid is known, the slope
can be established, The viscosity temperature line forms an anzle "A" with
the 1lines of constant viscositv, The tanrent of "A" is the slope of the centi-
stoke viscosity-temperature line, Tt is also the wvertical ~istance "Y" along
a line of constant terperature in inches dividesd ®y the horizontal ~istance

"X" in ircnes measures” alone a line of constant viscosity.
Y (in)

X (in)

lope values wculd nbviously be nepative, but are ienored by convention, See

where: AUTY Sloope = tanrent A =

¥ipure p=2 for an examole of ASTV slope, The Figure B-1 pressure coefficient
1s then determiner usine an atmospheric viscos*ty at a temperature of 100° F

for the slope "etermine:: from Figure B2,
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Professor Klause developed coefficients for various ASTM slope
values to be used in his pressure coefficient equation.
a=A+BlogV +C (log Vo)2 )

where A, B and C are constants at the various slopes as shown below.

AST™

Slope A B C
0.600 0.0878 0.2187 -0.0009
0.650 0.0578 0.2953 -0.0176
0.700 0.0425 0.3760 ~0.0395
0.750 0.0379 0.4519 -0.0626
0.800 0.0546 0.5045 ~0.0809
0.850 0.0720 0.5630 -0.1046
0.900 0.0947 0.6319 -0.1368
0.950 0.1064 0.7290 -0.1863
1.000 0.1384 0.8042 -0.2364
1.070 0.1423 1.0490 -0.4186

The writer then undertook the task to develop computer equations which

calculate first the ASTM slope between two adjacent input data points,
then the pressure correction coefficient. It may be recognized that

when the user inputs actual fluid viscosity-temperature data points, these
may not all lie on the theoretical straight line of the ASTM chart. Therefore
the approach for finding the ASTM slope for the fluid at any given temperature
is to take the input viscosity-~temperature point on either side of the given
temperature and in this region use the slope between the two input data
points. If extrapolation is required for a given temperature, the 2 input

points on either side of the given temperature are used to find the slope.
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Professor Klause's work was based on the pre 1974 ASTM charts;
therefore the equations for pressure correction use the constant
of 0.6.
The writer selected the viscosity range of 5 centistokes to 1000
centistokes to calculate the reference slope because this is the
range for which most of the anticipated work would occur. However any
other range could just as well have been used. Using the MacCoull
eq<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>